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ABSTRACT

The practicality of using microcomputers to solve
systems of equations of several hundred unknowns has been

demonstrated. However, machine and software limitations

s of eight bit processors made the construction of useful
finite element programs very difficult, and severely limited
the size of problems which could be solved in a reasonable
amount of time. The intrcduction of the sixteen bit micro-
processcr has completely revclutionized the microcomputer
industry, and many of the limitations of the eight bit
systems have been eliminated. The new microcomputers have
made mainframe-like computing power available to everyone, .
at a very reasonable cost. For many reascns, however,

there are few general finite element programs available

for the microcomputer today. A general finite element
program of moderate complexity called MEF ("Méthode des
Eléments Finis") is adapted for implementaticn on the

IBM PC-XT and the COLUMBIA MPC microcomputers. The
resulting implementatiocn is verified, and results are

compared with other finite element systems.
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I. INTRODUCTION

A, BACKGROQOUND

The microcomputer was introduced 1in the marketplace a
little over a decade agc, and has proceeded tc develeop at
an astounding rate. The very large-scale integrated (VLSI)
microcomputer of today performs at speeds four to six orders
of magnitude greater than first generation computers. The
power, utility and versatility of these microcomputers is
such that their capability exceeds that of second generation
computers, and they are as powerful as many minicomputer
systems 1in a variety of applicaticons. 1Indeed, the increas-
ing-capabilities of micrccomputers have driven the latest,
high-sreed minicomputers to attain the versatility and
verformance standards of the former medium-scale mainframe
computers [Ref. 1: pn. 1i1i-8].

Today, an unprecedented amount of computing power is
available at a price which can ke afforded by even the
smallest cf engincering firms and research groups. Two
vears ago, research into the implementation cf finite
2lement software on eight bit microcomputers was conducted
by Mulholland [Ref. 2]. At that time, the cost of the
computer system used for his research was approximately
$6,000 |Ref. 2: p. 13]. The cost of each of the systems

used 1n this research 1s abcout the same, but there 1is

[ 1 NN W RN | - A, . e Taa 5 . N ULV A S
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hardly a comparison in capability between the Apple II Plus
used by Mulholland, and the IBM PC-XT of today. The problem
today 1s that there is not a large library of engineering
software available for engineering firms and research groups
to take advantage of. Wilson [Ref. 6] states that lecs

than one percent of current day finite element analysis is
conducted on microcomputers. This lack of scftware leaves
small firms and research grcups (who do not have the staff,
resources and time to develop extcnsive programs themselves)
unable to take advantage of the computing power available

tc them. For this reason, there is a need to develcp
engineering software which will take advantagc of the
microccmputer's capabilities. Unfortunately, at this time,
the limitaticns and capabilities of the softwarc/micro-
computer comblnation are largely unexplored. This thesis
will attempt to shed light on the capabilities of the

sixteen bit microcomputer to perform gcneral finite element

1. Eight Bit Micros and Finite Elements

When first introduced, nicrocomputers used an eight
bit architecture which provided several stumbling blocks to
the Lmplementation of engineering sottware in general. The
most significant of these stumbling klocks was the memory
31ze limitation, and the second was a limited instruction
s5¢t. The maximum addressable memory of the most advanced

of these systoems was 65,536 bytes.  This address spaco was

Lt st aash SVah s el asth AaSh A astil aOaSAC e st ir et E Mt e iR AL A R A
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often limited, even further, by the presence of read only

memory (ROM) chips which contained significant portions

of the operating system for the computer. The result was

a severe limitation to the size of application software,

as well as the size of data objects. The instruction set
limitation was significant because 1t complicated the
implementation of high level language compilers, and almost
all engineering applications are dependent on the avail-
ability of high level languages. These two problems com-
bined to cause another problem which was the immaturity

or support software. The !imited 1lnstruction sets recuired
more code tc implement desired features, yet the small
memory size restricted the amount of code severely. The
result was that operating systems, compllers, and inter-
preters were notorious for the things they could not do.
Nevertheless, there have been a number of commercial as
well as academic implementations of finite element codes

on eight £it microcomputers. All of these implementations
are limited to relatively small problems, and almost all
aro gpecial application programs which solved only one

type of problem (typically beams, trusses, or frames).

As time progressed, the hardware and operating systems

of microcomputers matured. With the advent of high speod
fFlopry diskette drives and Jdizk operatinag systoms, oo
idea of using out-of-core linecar ojguation Solvers o0 <ol

larger systoms o: 2aquatlons on mLorooTmputors b

10

W SR S U WU Wy Wy a8 a B - [ DRy o Brondeendisiacll




T R R W W T e ——y—y———ym WP Y

achievable. Mulholland [Ref. 2: pp. 36-46] demonstrated
the abillity of eight bit machines to produce an accertahle
result using an out-of-core technicue. As might be
expected, scolution times were somewhat slow, but the
method increased the size of problem which could be solved
with a limited amount of memory. After verifying the
utility of the eight bit machine and out-of-core solver
compination, Mulholland [Ref. 2: pp. 52-70] continued his
Investigation by implementing a modification of Mallory's
[Ref. 3] STAP-NPS on the Apple-II Plus microcomputer.

The result was a finite element system which was cum-
cersome to use, and supported cnly one element type. The
"stom reguired the attenticn of the user to shift five
Ilopoy diskettes between four disk drives in respcnse to
regussts from the run time system. In his tests, over two
aours were required to solve a system of 160 eguations

oo
aawvin

-bandwidth of 64. Mulholland's conclusion

|9}
-
o}
[
tn

2: gp. 72-74] was that the system he used was not a

suittable tool for serious finite element work. He cited
51X crimary r=asons why the system was 1nadeguate tor the

acmlication, but it 1s significant to note that tive of
v 31X reasons were actually operating system/compller

£

Limisations. [~ other words, five of the six wero du.

oourmaturity, of suprort scoftware for the Apple-IT Plus

Stosteemooat e EIme,
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Jive separate segments of approximately 1000 lines each and

crred, via modem, tc five separate flcerpy diskettes.

ITive diskettes were reculred so there wasg room to edit and

cemeile the secarate modules.  The Microsoft compiler

intormadiate (scratch) files which are almost twice the size
I the source file. The easiest, safest place to place the
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4. The solution of eigen value problems.

5. The ability to solve nonlinear problems.

For the purrose of implementation of a finite element
code on a micracomputer it would also be useful if the
crogram included an out-of-core equation solver to elimi-
nate severe restrictions on problem size, and block struc-
tured code to minimize the difficulty of developing overlays
1f necessary.

Practical considerations included the availability of
source code and thorough documentation for the program.

It was also nucessary, because of time constraints, to
have the source on some type of machine readable media.

One program which satisfied most of the above char-
acteristics was called MEF. In addition, there was 2
version of MEF available at the Naval Postgraduate School
which ran on the VAX 780 under the VMS operating system.

The documentat:on for MEF was contained in a book [Ref. 8]

which was translated from French by Professor Cilles Cantin
of the Naval Postgraduate School. Therefore, this investi-
gation chose MEF, the "Méthode des Eléments Finis," to

convert for implementation on the IBM PC-XT and Columbia

MPC microcomputors.,

(3]
.
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77 Subset with a few extensions to the full language.
Version 2.1 was used for most of the preliminary work
with MEF, however, difficulties involved in restructuring
the program to take advantage of the Microsoft named com-
mon block features prevented the implemertation of MEF
with full sized arrays. Later in the investigation,
Microsoft FORTRAN was updated to version 3.2. The new
version supported unrestricted array sizes, overlay sup-
port, and an improved support for the Intel 8087 math

COpProcessor.

E. <CHOICE OF PROGRAM FOR CONVERSION

To provide a sufficiently rigorous test of the computer

and software combination it was desirable tc implement a
general finite element program of moderate to robust com-
plexity. The characteristics of such a program include:
1. The ability to solve a variety of problemé in-
cluding problems of elasticity, heat transfer, and fluid

mechanics.

149

A choice of element types, and the ability to add
elements as needed.

3. The ability to solve both static and dynamic
crobrems of large size involving more than one clement
tvpe. Ircluding problems having different degrees of
freedom at each node, symmetric or nonsymmetric clement

matrioas.

o
(9]
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short period. The 1n-core solution of a 200 DOF, double

-<l310n system 1s ilmportant both because it has cnly

recently become: rossible, and because it represents the
solutior ©of a mcusrate sized finite element system with a
maximum bandwidth. Larger systems could be solved in-core

1f pandwidth were minimized, and the solution technigue
took advantage of symmetry and bandwidth characteristics,
as 1s done with most modern finite element programs. For
systems which takc advantage of these characteristics, the
solutlion varies as the product of DOF and the square of the
pandwidth. This means that a finite element system having
a bandwidth of eighty and five hundred degrees cf freedom
would be solved in aoout one third the time as test four
above (after assembly), cr if a factor of three is assumed
for all the processing, it would take approximately the
same time as test four. Even largér systems could be solved
using cut-cf-core techniques, but a fairly large number of

ocroblems <an now be solved in-core.

D. CHOICE OF CCMPILER

At

T

he start of this investigation, the Microsoft

FORTRAN compiler {(version 3.1l) was the only one which

offered foatures that might be used to implement arrays
regqulring morz thin 65,536 bytes of storage. In order to
averd typroal Timits an data sotrage, Microsoft reserved a

full »ix segment for each named common block. In support

ot rortability, the compiler offered a complete ANSI FORTRAN

22
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required for solution was small as compared with the Apple
II Plus best time cf 2.68 minutes, and the HP 9845 best
time of 0.87 minutes. In comparison with Mulholland's
reported solution time of approximately 2.5 hours for a
160 DOF problem having a bandwidth of 64, test four took
only 27.56 minutes.

The solution time for the type of solver used varies
with the cube of the number of degrees of freedom (i.e., a
two fold increase in DOF would predict an increase in solu-
tion time of eight). The predicted times for the last
three tests were based on the actual execution time for
the first test. Since the actual times are even faster
than the predicted times tnc conclusion can be drawn that
the overhead of addressing outside a €4 kilobyte memory
vageé 1s not excessive for this compiler, and does not seem
to varv with hcw far outside the memory page the addressing
goes. If the results of test three are used to predict
test four the resultant prediction would be 27.84 minutes.
As the table shcws, this is very close to the actual execu-
tion time. It is important to note that for the size
matrices tested, and the amount of memory available the
solutions were achieved in-core. Therefore, in many
respects, the comparison with Mulholland's data is infor-
mative, but not exactly fair.

The significance of the comparison 1s that it shows

the s31ze of problem which can be solved 1n a relatively

21
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3. Matrix Soluticn Demonstration

In comparison with the matrix solution tests con-
ducted by Mulholland [Pef. 2: pp. 45-48] tests of the IBM
bC-XT, and the Columbia MPC configured with 512 kilobytes
ot RAM vielded significantly faster solution times for
even larger matrices than those tested by Mulholland. The
tests were conducted using the FCRTRAN program in Appendix
B to sclve double precision, fully populated, matrices.

The solver uses an LU decomposition followed by back sub-
stitution, and takes no advantage of symmetry or bandwidth.

The results are as follows:

Table II. Matrix Solution Benchmark Tests
DEGREES . PREDICTED ACTUAL
FREEDOM SOLUTION TIME SOCLUTION TIME
25 unknown 0.0577 min.
32 .12 min. .119 min.
100 3.62 min. 3.48 min.
200 29.54 min. 27.56 min.

The first test was conducted on a matrix whose
storage requirements would nct exceed 64 kilobytes, but
would be large enough to provide a usable benchmark. The
32 degrec of freedom (DOF) matrix was run for direct com-
rarison with the results obtained by Mulholland [Ref. 2:

op. 435-46]. As can be scen from the table, the time
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o system would be somewhat lower than the clock speed because
of the system overhead created by extensive uge of inter-
rupts and interrupt handlers. For this reason, a simple
test was devised to determine the processor speed available
to a user program (apparent speed) to compare with eight
bit prccessor speeds.

The test invelved writing a simple assembly language
routine which would place the processor in a loop cf speci-
fied length. The system clock was accescsed just before
and just after the loop tc compute the time spent in the
loop. [Ref. 7] was used to determine the numbe - of clock
cycles in the loop, and the number of times through the
locp was chosen to be large enocugh sc that the ccmputation
time involved in accessing the clock would not significantly
influence the resultant computation. The program and cal-
culaticns used are detailed 1n Appendix A. The result of
the test indicated that the apparent speed of the systems
1s approximately 3.56 MHz (worst case). This test was
somewhat subjective, however, the result gave scme insight

into the minimum performance which could be expected from

the system. While the 3.5 MHz speed is significantly lower

than 4.77 MHz, it 1s still about one and a half times

L

greater than typical eight bit processor speeds; couplad

with a better architecture and instruction set it was clear

that significant things could be expected.

19
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floppy disk system. When compile and link times approached
two hours on floppy disks for the complete MEF system, the
increased speed of the hard disk was significant. Later

in the investigation, a fifteen megabyte hard disk was
added to the Coclumbia MPC.

At the beginning of the investigation it was impos-
sible tc determine the amount of memory which would be re-
guired to implement MEF. However, the original implementation
of MEF on a VAX 780 minicomputer contained a working array
consisting of 160 kilcobytes. The memory size of 512 kilo-
pytes was chosen because it was the amount which would fully
vopulate the memory expansion board chosen, and it was felt
that 1t woula be large encugh to minimize the difficulty in
implementing program cverlays 1f overlays became necessary.

Both systems run using functionally identical oper-
ating systems (MS DOS for the Columbia and PC DOS for the
IBM). Indeed, ncoc modifications of any kind were reguired
tc carry the software between the two systems. Even the
compliled and linked programs could be carried between the
systems.

2. CPU Speed Tests

CPU 3peed for the two systems 1s advertised to be
4.77 MHz. However, the hardware and cperating systems of
both machirnes are extensively interrupt driven. No criticism
1s intended of this extremely powerful method of implemen-

tion, hewever, it was known that the effective speed of the

18
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1. Configuration of the System

Differences between the two machines chosen for this

study are minimal.

The description which follows 1is appli-

cable to both systems with exceptions as noted.

COMPONENT

CPU

MELIORY

DISPLAY

MASS

STORAGE

PRINTER

SERIAL
PORTS

Takle I. Configuration cf

DESCRIPTION

INTEL 3088 with the
INTEL 8087 coprocessor

512 kilobytes

color monitor

with graphics adapter
and a monochrome
display

one 5.25 inch, double
density, dual sided
floppy diskette drive
and one ten megabyte
hard disk drive

graphics capable, dot
matrix, parallel
printer

two (one used for main-
frame communications,
and one for a graphics
input device in support
of future graphics
development)

the System

COMMENTS

the Columbia sup-
ported a graphics
capable monochrome
monitor with a
graphics adapter

the Columbia system

‘initially supported

two 5.25 inch, double
density, dual sided
floppy diskette
drives and no hard
disk drive

The hard disk was not required for the development

of the MEF system, however, the availability of the hard disk

cut compile and linking time almost in half over the Columbia
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microcomputer wculd desire to use it for more than finite
element analysis. The existence of technical support and
! commercially available software would be significant con-
! sideraticons in the choice of a system. System hardware
i%ﬁ considerations included floppy disks, hard disks, modems,
printers, plotters, graphical input devices (digitizers,

4 joy sticks, mouse, etc.), and the ability to support a

;-G large amount of memory.

L At the time equipment for the project had to be chosen
3 IBM's complete dominaticn of the microcomputer market made
the chcice of the IBM PC or a PC compatible microcomputer
the logical choice of hardware for the system. In addition,
the IBM PC was widely available at the Naval Postgraduate
School. IBM's domination of the market also spawned a
tremendous industry aimed at producing peripherals and
software for the IBM PC. Therefore, it Was clear that
capable language compilers, graphics devices, graphics
suottware, and other software would develop more quickly

and predictably for the IBM PC than for other systems.

In the end, two systems were used to conduct the

r-

{ investigation: an IBM PC-XT available at the Naval

f Postgraduate School, and a Columbia MPC. The Columbia

}. MPC was chosen fcr use at home because of its lower cost
and high Zegree of compatibility with the IBM PC.

L
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program rather than to reinvent the wheel. The program which 3
. was chosen, called MEF ("Méthode des Eléments Finis"), was i
written at the Université de Technologie, Compiégne, France. ]
Justification for the choice of MEF is provided in section

1.5 below. Initially, it was hoped that graphics, and user

amadli b etenoefnnd

friendly input routines could be added to the implementation,

[

hcwever, time constraints limited the investigation to con-

f‘ version of the existing software.
:

C. CHOICE OF THE MACHINE

benfennhesbun b I Aot ol

The major considerations influencing the choice of the

microcomputer for this study were:

dunbeiedii b

(1) Availability and support of system hardware (includ-
ing peripherals).

(2) The existence of a FORTRAN compiler compatible with

bk SRS

the system.

(3) The existence of a compatible, FORTRAN callable,

graphics package for future implementation of graphics.

-

(4) System cost.
(5) The existence of a wide range of technical support "
for hardware maintenance. 1
{(6) The availability of a wide range of commercial

software for the system.

The last two considerations are to insure that the
chosen system was maintainable, and versatile. Presumably,

any firm or research group considering the purchase of a
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was also a wide variety of peripheral plotting devices
and other equipment and software to support engineering

applications.

B. PURPOSE AND SCOPE OF THE INVESTIGATION

This investigation was conducted as an attempt to
implement a general purpose finite element program on a
sixteen bit microcomputer, with the intent of determining
whether or not the resulting system was practically useful.
Wilson [Ref. €] makes the assertion that new finite element
work will be done 1in FORTRAN, primarily, because all general
purpcse finite element programs, to date, have been written
in FORTRAN. This author supports the asserticn with the
observation that FORTRAN is also the most widely used and
supported language in ghe engineering community. In addition,
FORTRAN 77 eliminates most of the practical objections to
FORTRAN as a programming language. Much previous wecrk has
gone into the implementation of the more notable general,
finite element programs in use today, and the construction
of these programs i1s a project which requires ccnsiderable
investment in terms of manpower and dollars [Ref. 6].
Since the purpose of the investigation was to evaluate the
usefulness of the resultant program/machine combination,
it was desirable to implement a system of moderate com-
plexity in order to provide a rigorous test. Therefore,

the decision was made to convert an appropriate, existing

14
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numeric data processing. Al hough, no specific standard
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has been developed for comparing prccessing times with

~N

and without the coprccessor, most authors agree that addi-

Cunas 2 2um o g

tion of the coprocesscr has been shown to increase the

-

speed of numeric computation significantly [Ref. 4, 5].

The introduction of the sixteen kit machines,
however, did not cause an immediate surge in finite element
applications on microcomputers. Wilson [Ref. 6] pcocints out
that the development of engineering software is dependent
upcn the availability of a stable operating system, and a
compatible FORTRAN compiler. While tcday's microcomputers
are seldom marketed without an operating system, the
initial versions of operating systems have been notoriously

unreliable and unsophisticated. Therefore, a lag exist

0

between the introducticn of the hardware, and the devel

O

p—
ment of a stable operating system and, a ccmpatible TORTPAN

compiler. The lag in the case of the eight bit machine

[17]

was nearly ten years, but because of the experience gained
in the development of these systems the lag was shcortened
considerably for sixtesn bit microcomputcrs.

At the outset of this investigation, the market
bcasted a variety of disk operating systems which supported
floppy disks as well as the newer high-speed hard disks.
There were two FORTRAN compilers available which had under-
gone a number of modifications and promised the maturity

necessary to support finite element applications. There
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2. Sixteen Bit Microcomputer Introduced

In 1981 and 1982 the sixteen bit LSI microcomputer
was introduced to the market. While the speed of these
machines was as much as four or five times greater than
the eight bit predecessors, the largest advantages were
realized by the improved'architecture and 1lnstruction sets.
Rao [Ref. l: p. 205] cites a ten fold improvement in execu-
tion time for the Intel 8086 over the Intel 8080A while
the increcase in clock speed was, at most, 4 times that of
the 8080A. Obviously, the influence cf the architecture
and instruction set is strongly siagnificant. One of the
most lmportant improvements delivered by the sixteen bit
processors was the amount of addressable memory:; the
smallest address space among the various architectures
was 1024 kilobytes. This 1is not meant to imply that appli-
cation software was able to take advantage cf that address
space. There werc no compilers, at the time, that would
allow addressing outside a 64 kilobyte vage. Even today,
compllers that alleow addressing beyond the 64 kilcbyte
page are Jjust beginning to cnter the market. However, a
tremendous amount of support software such as compilers,
interpreters, spread sheets, ctc. were nc longer limited
to 64 kilobytes of memory. As a result, support softwarc
began to grow in size 2and capability. In addition to the
Lncreasc 1n addrese space a number of the systems were able

to make use of a separate coprocessor, the Intel 8087, tor

12
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werking array. A tabkle of pcinters is made to keep track
[T:- of the beginning of each array, and as tables are deleted
the separate tables 2re moved to accommodate the change.
MEF defines the large working array, called VA, toc be in
blank common, and makes extensive use of named common for
-in all other common block applications. For this reason, the
P basic structure of MEF had to ke altered to implement its
o conversion with the Microsoft Compiler version 3.1. There
<

ng were some 13 named common blocks in MEF, and since the
compiler reserved 64 kilobytes for each cne, approximately
960 Ki.obytes would have been used just fcr commen block
allocation. Needless to say, there was not encugh memory
available even 1f the compiler/linker combination were
capable of handling the problem.

The program structural change attempted, was to switch
all of the elements in named common kblocks to blank common,
a and the single array VA from blank common to named common.
ﬁi’ It was envisioned that several named common blocks could

eventually ke used so that the actual size of the working

¢ array cou.d be larger than 35,366 bytes. Considerable
r’ time was spent in effecting this change, and trying to get
4 the resultant version of MEF to work. However, the changes
{ were tco comprehensive, and the attempt was aborted when a
¢ new version of the compiler was received in May of 1984.
The imprcvements 1n version 3.2 allowed the complete aban-
donment of the restructuring apprcach, and while phase one
L
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was unsuccessful, the time spent was not wasted. It allowed
familiarization with the structure of NEF, and with the
specific areas where the FORTRAN IV code needed to be
altered for compatibility with subset FORTRAN 77. In addi-

tion, it provided considerable familiarization with the

operating system, editors, and hardware of both the VAX and

the IBM PC-XT/COLUMBIA MPC.

‘ C. PHASE TWO
A new version of MEF which contained english comments

was received about the same time as the new version of the
I. Microsoft Compiler. Once again, proceeding as before, a
smaller segment of code was used to determine the global
;f changes required on the main body of the code, before trans-
ferring it to floppy diskettes. Because of the changes in
Microsoft FORTRAN version 3.2, there were significantly

fewer alterations reguired to the global structure of MEF;

all of the initial changes pertained, strictly, to the
treatment of characters and strings, and to the task of
making the named COMMON blocks the same length in each
reference,

1. Microsoft Version 3.2 Improvements

Improvements in the compiler which affected the
implementation of MEF are as follcws:

1. Support for the BLOCK DATA statement.

2. Support for arrays and COMMON blocks lonccer
than 64 kilobytes.

29
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3. Inclusion of A simple overlay linker (overlays
were unnecessary in the end, but at the time the investiga-
tion started there was no way to tell whether or not they
would be required).

4. Better support for the Intel 8087 coprocessor
including implementation of the IEEE floating point math
standard (the default for this version}.

From the point of view of this investigator, the
single most important change in the Microsoft Compiler was
the support for large arrays ancd common blocks. This is
the change which eliminated the unusual implementation of
named COMMON present in version 3.1. It must be noted here,
that though the common block problem was solved, the ability
to address more than 64 kilobytes beyond the teginning of
an array or common block was often defeated by compiler/
linker bugs. Simple applications such as the array solver
shown in APPENDIX B had no difficulty in compiling, linking,
and producing results using arrays limited only by the
amount of memory available. However, more complicated
programs with numerous common blocks and arrays provide a
serious challenge to the compiler/linker combinaticn, and
the results are not always gratifying. The improvement
over carlier versions, however, are monumental and conversa-
tions with Microsnft Technical Support indicate that future

r

]

lecases nf the compiler will solve the types of problems

encountercd in this research.
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2. Small Memory Model Implementation of MEF

With the improvements mentioned above it took only
a few weeks to provide a working version of MEF which was
called the "Small Memory Model" (SMM). That is, no arrays
were declared to be large (the working array size was cut
to 2000 words). For details of the compiler structure, the
reader is referred to [Ref. 12: pp. 99-129]. The result

was that the working array was kept in a default data segment

referred to as DGROUP. DGROUF also contains memory pointer
variables used by the compiler and run-time system; the
stack, which is used for passing parameters between sub-
{. routines; static variables and constants; and addresses of

2 other data segments such as named COMMON blocks and large

arrays. The result is that the small memory model is sig-
nificantly limited in comparison to the later implementation
(called the large memory model) because the Working array
size could not drive the size of DGROUP over 64 kilobytes

without declaring the dummy arrays as large arrays. The

only significant difficulty encountered during this con-

"

version was that the BLOCK DATA module would not initialize

‘e

correctly. Conversations with Microsoft technical support

indicated that this was a known bug and that BLOCK DATA

DAk a4t s o e
S . N

had to appear as the first object in a link module in order
for correct 1lnitialization to take place.
The correctness of the small memory model was veri-

fied with the published results used to verify the VAX

31
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implementation. In all cases, the results obtained on the
microcomputer were identical with those published by Dhatt
and Tuzot [Ref. 8], with the exception of residual computa-
tions. Residual computations on the microcomputer produced
number of the same (small) magnitude but not the same
mantissa. It is suspected that this could be, in part,
related to Microsoft's adoption of the IEEE standard for

real number representation and calculations. The differences
in residual computations are considered to be inconseguential
by this investigator. At the time the small memory model

was completed, MEF contained only the first two elements: a
guadratic element for anisotropic harmonic problems in one,
two, or three dimensions; and an eight noded guadrilateral
element for two dimensional elasticity problems.

3. Large Memorv Model Implementation of MEF

To begin with, the simplest df apprcaches was used
to convert to a large memory model; all arrays were declared
large (using the compiler "metacommand" S$LARGE [Ref. 1ll: pp.
186~-187]). This approach was used because of its simplicity,
and the fact that all dummy arrays of the working array
(arrays which were contained within the working array) had
to have the SLAPGE attribute for the compiler to generate
correct linkages. Initial compiler diagnostics included
errors for several DO loops that indicated that the compiler

celieved an illegal jump into the range of a DO had teen

executed. Each of the affected DO loops was nested and did
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not appear to violate the specifications of FORTRAN 77.
Furthermore, they had not caused problems with the implementa-
tion of the Small Memory lModel. These problems were alle-
viated by the use of the compiler metacommand $DC66 [Ref. 1l:
. 183} which tells the compiler to use the FORTRAN 66 DO
loop conventions (it does not appear that this should have
worked, but it did).

The resulting code compiled and linked without diag-
nostics but did not work. The initial symptom was that it
did not recognize any of the commands contained in the input
stream. Diliagnostic write statements revealed that the array
used to store the list of commands was not initialized
correctly. The array (BLOCS) was initialized by a DATA
statement within the main program. The statement appeared
to be correct in syntax and generated nc diagnostics, yet
writing the contents of the array indicated that it con-
tained nulls. The DATA statement 1nitialization of the
array was regplaced with a call to a subroutine which ini-
tialized the array using assignment statements. This solved
the command recognition problems, but runtime errors which
invclved a2 variety of arithmetic operation vioclations were
oroduced. stally these errors were cverflows, underflows,
or attempts to use an uninitialized variable in an arith-

metic operation. The particular error depended upcn what

fix up had been used to overcome the previous error.




Ty

V'hY "Y.'.'.'\'vaﬂf
B h

POl Jnu Snads it i ekt e 4 . ol

Curing this period, conversations with Microsoft

Corporation's technical support department indicated that
there were several reported bugs in the compiler. One was

the BLOCK DATA crcblem mentioned above, and another was

that arrays which had
initialized correctly
last problem was only

The first problem was

the large attribute were not always

by data statements. However, this
supposed to occur with REAL arrays.

solved by compiling the BLCCK DATA

module separately,

and linking it as the first module at

all times. This did not alleviated the 1lnccrrect initializa-

tion of the CHARACTER*4 command array, so the MAIN prograr

segment was compiled separately assigning the S$LARGE attri-

bute to the working array, and allowing all other arrays

in the MAIN program to default to SNOTLARGE. After this

the command array was 1lnitialized correctly, but run-time

errors were still a problem.
The use of character arrays to pass table names was
pr«valent throughcut MEF, and diagncstic write statements

indicated that some of them were being 1nitialized correctly
and some were not. E£ince there were so many of them and

there 4id nct seem to be any particular characteristic which
would i1dentify which ones would initialize and which would
not, the arrays containing all of these tables were declared

SNOTLARGE. This resulted in the tables iritializing cor-

rectly, but the run-time errors persistod.

34
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It 1s appropriate to mention here that the time tc
‘ . compile and link after making changes which reguired recom- i
piling all modules was close to two hours cn the Columbia

floppy disk system. The IBM PC/XT had only recently become

available and reduced compile and link time to under an hour.
In addition, the linked module using the mixture of meta-
commands was often over 400 kilobytes long. A standard
floppy diskette will only hold 360 kilokytes and these ex-
cessively large linked modules would not have been possible
without the hard disk. Further, it would not have been

possible to proceed without them either; the run-time errors

proved essential in localizing the problems and identifying
them as compiler bugs rather than logic errors. The linked
module using the generic $LARGE metacommand, was approximately

239 kilobytes, and while neither module would execute cor-

e b AWk

rectly, the increase in size of the mixed module was highly

-

suspect since the S$NOTLARGE metacommand was supposed to
rroduce less object code.
Further conversations with Microsoft Technical Support

indicated that there had been some reports that mixing the

SNOTLARGE metacommand with the SLARGE metacommand could

cause problems, and that the syntax for the $(NOT)LARGE
L. commanrd was incorrect in the reference manual. The manual
[Fef. 11] specified that the $(NOT)LARGE metacommand could
bhe used with a string of array identifiers separated by commas.

¢ However, according to technical support each occurrence of
]
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the metacommand could only declare a single array name, and
the metacommand regquired a colon separator between the command
and the array name (i.e., SLARGE: array). If the metacommand
was used without an argument (called a generic $(NOT)LARGE)
then all arrays 1in the compiland were considered to have the
particular attribute.

Since the mixing of the $NOTLARGE command with the
generic $SLARGE command was suspect, numerous attempts were
made to identify all arrays which required the $SLARGE attri-
bute and declare them specifically while allowing all others
tc default to $NOTLARGE. None of these attempts worked.
Conversations with Microsoft Technical Support indicated
that the investigaticn had possibly uncovered some new
problems with the compiler and requested that the problem be
documented and sent to Microsoft with a diskette containing
the coftware (they were less enthusiastic when told how
extensive the software was).

As a last act of desperation, all data statements
which initialized arrays were commented out. The data
statement initializations were performed with assignment
statements either directly or through subroutire calls, and

all mcdules were recompiled using the generic S$LARGE meta-

command. The resulting linked module was approximately 240
ki:inbytes long and was able to rur the simple test problems
wrth no wifficulty. llowever, as the size of problems was

increaszed, tho behavior »f the program became unpredictakle.

[0}
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The program worked prcperly until the problem regquirea more
than 64 Xxilobytes cf the werking array to run. This always
occurred during execution of the assembly and solution pro-
cess, and the results vary depending upon which element sub-
routine is being used (i.e., which incorrect internal
linkage 1sg being used).

To summarize the problems mentioned above:

l. Arrays which have the $LARGE attribute are rnot
2lways initialized correctly with data statements. The in-
correct 1nitialization is not predictable, ner is it con-
fired to REAL arrays.

2. The S$LARGE and S$SNOTLARGE metacommands cannot be
used 1nside the same compiland.

3. BLOCK DATA must appear as the first module in a
link mccule.

1. Nested DO locps can sometimes generate ccmpille
time errors.

In an effort to cleanup the long c<¢tireams of assign-
ment statements caused by the data statement pro.lem, a

sevarate compilland was created in which subroutines whose

names cegln with "INIT" (see Appendix E, pp. 247-258 ) were placed.
The methoed used was to pass the name of the arrav being
initlalized 2s a calling paramcter. The passcd parameter

was declared SLAFGE, and all other arrays were allowed to
Jefault to SNOTLARGE. A SNOTLARGE "dummy"™ array was iniltial-

1zed with a data statement and a DO lcop was oxecuted which

. .
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assigned the elements of the "dummy" array to the gpassed
array, and then executed a return. During the creation

of these subroutines 1t was discovered that the data state-
ments in the first subroutine of the compiland would nct
initialirze correctly. If the 1nitializations were character
strings no diagnostic was generated, but if the initializa-
tions were REAL constants the compiler would generate

"CANNOT CONVERT CCNSTANT" diagrostics. A subroutine called
DUMMY which had no function, and was never called by another
routine was created and placed as the first subroutine in

the compiland. The method 1s not elegant, but 1t worked,

and 1t eliminated long strings of assignment statements which
did nothing more than assign constants every time a subroutine
was called. In the case of many subroutines these statements
were only executed once, however, in the case of element
subroutines, theyv were executed many times during a problem
sclution.

During the course of this investigation five elements
werc added to MEF, and it was only after the implementation
of these elements and the initialization routi. es that
croblems larqge enough to cause difficulties were attempted.
It was feared that the modifications tc MEF had possibly

1

3

duced some of the prcblems. In crder to demonstrate

1%
whether or not the micrccomputer codc was vortable, and to
voriin that compller bugs were the problem, and not a failure

1n rrogram logic, MEF was transferrced by modem to the VAX 780.
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The transrerred code regulired four lines of code to be modi-
fied. Two of the lines were OPEN statements which contained
£1le names that had illegal character strings uncder the VMS
operating system, and two contained an illegal format ele-
ment, a backslash (in the Microsoft implementation, the
backslash suppresses an automatic carriage return linefeed

at the end 2n output line). The resulting FORTRAN procram

d with no further diagnostics, and its

18]

compiled and link
results have been verified using published test problems
[Ref. 8], and [Ref. 13: pp. 170-177]. 1In addition, the
results have been tested using the Craphics Interactive
Finite Element Timesharing System (GIFTS), and CAL-NPS. A

-

selecticon of the test problems has been provided in Arpendix E.

D. GLOBAL STRUCTURE AND USE OF MEF

it 1s not the intention of this thesis tc provide a com-
vrenensive programmer's reference manual or users guide to
'r, an overview of the structure of MLEF will be
nelpful to any potential user of this powerful tool. For

greater detail, the reader 1s referred to Chapter Six of

(o]

[Ref.

1. Functiconal Blocks of MEF

MEF consists of sixteen functional blocks. Some
of the wlocks are reguired for all problem types, and some
nf the blocks are opticnal depending on the problem being

solwvod., The functional blocks are also the names of the
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vlock calling cards (or commands) and are listed in Table
III Lelow. An underscors indilcates that the block 1s
reczurred ror all problem types.

functicnal pi ¢k diagrams are zrovided 1in Appendilx

C, ana comgplete descriptions of the input data cards are

Ty

orovided in [(Ref. 8: pp. 440-447}]. The malin program con-
trols the flow of all information through the functional
locks by transferring contrcl to a subroutine called BLNNNN
when the block calling card NNNMN 135 encountered in the input
£1le. The subroutine BLNNNM then performs preliminary func-
ti1ons such as lcgical unit identification, and reading of
control parameters for the creation of various files and
tables. The subroutine then calls subrcutine EXNNNN. In
all cases, subroutine BLNNNN provides appropriate default
carameters which will be overridden by user values 1if

fied. Subroutine EXNNNMN then performs the major cpera-

Ui
T3
D
@]
ba
th

“icns of the block bv calling on the needed subroutines in
the MED library. The above protocol holds for all blocks

excert STCP, COMT, and IMAG. All the functions of COMT

rry

and IMNAG are corformed by subroutine BLNNNN, and the func-
~1on 0ol vlock 3TCP ts performed by the main program.

Wlith the excortion of blocks IMAG, COMT, and STCP
ach Llook wsos a named COMMON/MNNNN/ to assist in the pass-
crgonl ceadol information between subroutines.  The blecks
CMT O Oana IMAS use A ramed commer Llock, COMMON/TRVL/, which

13 s a5 1 scerateh pad for wvarious routines.  Block STOP
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not regulre 1ts own common bBlock but uses thoe inlorma-
Srom JOMMONALLOC, tC rerform 1ts function of pritting
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TANIMUM Length of tihe WOrKlng arraly Uscd Jurlng oxolo-

SLLOC
Loneeda d

the groblem.  The common block COMNION/ALLOC/, 1s
subroutine ESPACE and VIDE to keewn track of tho
I working space allcocated at anv time. Subroutlne

locates table space, and subroutire VIDE deletos

“ables followed by compacting the worksgace.

Variable and arrav naming cenventions and detalls

6] these details are

Tore Desauss oh 1 only be helpful to the
intonds to modlfv MEE. In that case the reider

i

5 the source for the extensive detail reculred.

Table III. Functional Block Summary

he input data card images to the cutput
Must pe the first card 1f used.

into the output listing.

coordinates and number of degrees
1 node. Provides automatic node

)
@]
—

Provides the ability to modify the degrees of frecedom
it 2 node.  Particularly useful with problems using
v

were than one olement tyne.
a3 the soundary conditions.

Poocis nodal rrorertios 10 rocuired by the problom.

neis o lement crorertios 1f rewruivrod for tho oloment
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APDENDIX A

CPU CLOCK SPEED TEST

The following Intel 8088 Assembly language program,

asscempied with the MICROSOFT assembler (MASM), was used to

(D

termine the apparent speed of the processor, or the loss

“wee
orf grocessor spead due to the processing invelved in handling
the 1ntorruct driven operating system.

When executed, the program loops for the number of times
specificd.  The actual number of times through the lcop can
be detormined by multiplying the contents of the BX register
Lv 5,336, In this application, the resul%t 1is 10,485,760,

1

Jhe rmrogram accesses the system clock before and after com-

ction 22 the loop, and computes the elapsed time to the

>5t scceond.  The elapsed time 1s then displaved on the

gscreen.  The test was done numerous times on both systems,

and never computed an elapsed time less than 52 seconds nor

Clock cpele caleoulations were computed by counting the

-y e et

txl numbeer < f machine cycles executed between the labels

WAIT tnd 2NDWAIT. The eight oycles used for Initialization :
< : 1
ir the “wo seeous boefore the label WAIT have been included ]
N - . . _ . L 9
Nl S0y o the saxe of preciseness sc that all machine cycles :
‘ N J
Dot bk necagses wores acoounteod for. The number of

,
"
4
1
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the addition of interaction, or an interactive preprocessor

to produce the "steering file" (command input file).

2. The capabilities of graphics to summarize the
results from any finite element application cannot be over
stated. In addition, the graphic representation of the
structure and finite element mesh is important for the
detection of errors in the problem definition. Therefore,
the addition of graphics tc MEF would significantly improve
its capability.

3. The possikilities regarding the addition of clements
are almost without bound. However, the addition of a cubic
solid element (a 32 node brick) would provide signifilcant

additional capabilities. The addition of such an element

would provide an exact solution for beams (using only one

element for node loadings), and an excellent model for
plates and shells. The addition of such an element would

allow the elimination of a number of the existing elements,
at the cost of more memory; the trade off wculd have to be

evaluated.
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the finite element classroom. As soon as the problem size
restrictions are overcome, MEF will have far greater applica-
tion on the microcomputer.

It 1s important to understand the significance of what
the ability to create and execute software of this complexity
and capability (on a microcomputer) can mean to the field of
engineering in general. If the compiler had been "clean,"
the problems encountered in converting MEF would have been
minimal. The cost of a microcomputer system is well within
the range cf most small engineering firms, and the increase
in problem solving capability is even more dramatic than the
step from the sliderule to the programmable, pocket calculator.
There is a wide variety of software availabkle today including
finite elements, optimizaticn, heat transfer, fluid dynamics,
electronic circuit design, control systems, etc. The cost
of computer time has made much of this software unavailable
to smaller concerns. However, the near future will undoubt-
edly see the conversion of much of this software to micro-

computer systems. The possibilities are encouraging.

C. RECOMMENDATIONS
The following recommendations are made for future devel-

opment of MEF:

1. MEF, as implemented, 1is primarily a batch stream pro-
cessor. By that 1t i1s meant that the input is noninteractive
and formatted. The facility of MEF wonld be enhanced by
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gratifying on one hand, and frustrating on the other. The
frustration results from the limitations imposed, not by
the program, and not by the hardware, but by the immaturity
of the compiler. With the example of the matrix solver
shown in Appendix B it is clear that the machine and compiler
combination have the capability to solve large problems. It
is unfortunate that compiler bugs prevent the full realiza-
tion of that capability with a more complex application.
However, conversations with Microsoft Corporation indicate
that a new release of the compiler may be available as early
as January 1984, and even at this time, advertisements for
competitive compilers are beginning to appear in periodicals.
A more objective statement of the results is that the
largest problem which could be run on the microcomputer took
less than five minutes from start to stop, and the results
are comparable to the results obtained from other sources.
It 1s clear that the execution speed and capability of the
software is acceptable. Therefore, the utility of MEF 1is
assured, subject to the temporary restriction of probklem
size. At this time, MEF 1is an excellent classroom tool, and
ie capable of solving mcst problems given as academic exer-
cises in solids and conduction heat transfer. It is also
capable of handling many problems which are not assigned as
academlic oxercises. In addition, because of 1ts modular

structure, MEF alsc provides an excellent teaching tool for
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memory model 1is not able to take advantage of the full memory
available because of the existing bugs in the Microsoft

FORTRAN 77 Compiler version 3.2.

B. CONCLUSIONS

Although it was nct the intenticn of this investigation
to evaluate the hardware or operating systems of the two
machines, it is impossible to write a conclusion without
mentioning them. Throughout this investigation, both
systems (the IBM PC-XT, and the COLUMBIA MPC) have functioned
faultlessly. This observation includes the operating systems
and the hardware. Both ccmputers have been supported by a
variety of peripherals manufactured by different companies,
and neither system has operated in a controlled environment.
The machines are turned off and on at will, and have received
only the most cursory preventive maintenance. Yet, both
systems have maintained one hundred percent availability, on
demand, with no time spent at reduced capability. The pre-
vious experlence of this investigator has been with mainframe
computing systems, and the reliability of these microcomputer
systems was totally unexpected.

At the beginning of this investigation, it was not clear
that a program the size and complexity of MEF could be con-
verted to operate on a microcomputer. However, a background
in computer science and operating systems led this investigator

to believe that i1t might be possible. The results have been
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Regardless, the sixteen bilt microcomputer has been
around since 1981, yet there is little engineering software
available today. The reason is that reliabkle software tools
(operating systems, compilers, etc.) lag the introduction of
hardware by a considerable amount of time. The premise of
this thesis was that the necessary maturity of coperating
system and compiler had been achieved, and a combination of
hardware, operating system, and compiler was chosen to test
the premise in the specific application of finite elements.

As stated in Chapter I.B, the purpose of this investiga-
tion was to implement a general, finite element program on
a sixteen bit microcomputer, and determine whether the result
was practically useful. The actual programming and conver-
sion of software began in March 1984, and continued thru
August 1984. During that period two distinct version 7 MEV
were installed on the IBM PC-XT and the COLUMBIA MPC mi.r-
computers. The first version was a small memory model which
performed all the functions of the mainframe wersion but
was quite limited in the size of problems it could handle.
This was to be expected, and was merely a point in the step-
wise implementation cf the objective.

The small memory model was then converted to the current

version of MEF which is referred to as the large memory model.

The large memory model is significantly mcre capable than
the small memory model in terms of the problem size that can

be handled. However, as detailed in Chapter II the large

51

TP T TTTTrTT—

Dl s

MM, PN CMABE el

PP W G )

el

POyt

-

Lntod A B e

o oAk




o N T T

ITI. RESULTS AND CONCLUSIONS

A. SUMMARY

Chapter I recounted a portion of the history and develop-
ment of the microcomputer and attempted to list some of the
reasons that microcomputer based, engineering software has
been slow to develop. The main reason is that it was too
difficult to create engineering software on the rather
limited resources provided by the eight bit microprocessor,
and limited software tools which existed at the time. 1In
addition, the engineering software which was created was slow
and unwidely to use which hampered its propagation and devel-
opment. However, the advent of the sixteen bit microprocessor
has provided a hardware product whose capabilities are more
than adequate for engineering applications. This opinion
1s supported strongly by the fact that the majority of main-
frame minicomputer systems today are based on sixteen bit
processor architecture. The major difference between the
minicomputer and the microcomputer is operating system
maturity, and processor speed. The speed advantage is
partially offset by the fact that a microcomputer is seldom
used to support timesharing applications, and can often pro-
duce results almost as quickly as the minicomputer burdened
with the management of timesharing (one must count the time

spent waiting, not just the CPU seconds).
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The factor of 2.0 is an empirically determined factor
used to account for the storage of all tables in the working
array. Because of the compiler bugs which have not yet been
circumvented or corrected, 1f the space required approaches
64 kilobytes then the compiler/IBM PC capabilities have been

exceeded, and MEF will prokably fail with a run-time <rror.
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directly from the keyboard can be a very frustrating expe-
rience, and 1f a mistake is made there 1is no recourse but

to begin again. For this reason, it 1s recommended that

a command input file be created with a suitable text editor.

FORTRAN 77 rules apply tc the format of the cards. That 1is,

entries separated by commas will override the specified

Y
¢

WPpm— L juact
1 .
‘ ‘.

format, however, there must be no blanks imbedded in the
line if the format is to be overriden. As can be seen

from the examples provided in Appendix D either method will

T vy

work, and the user may find it convenient to enter some
cards according to the format, while other cards may be

easier to override.

T,V wep——"

E

It is advisable to send the output file to disk
rather than to the printer. The disk file can be viewed
and even edited with a text editor prior to printing. Send-
ing the output tc the printer will simply cause the process
to be output bound. MEF also uses a 132 character output
line, and 1t is advisable to shift the printer to a 17 char-
acter per inch mode if it does not have a wide carriage.

The amount of épace required to run the problem
must be of concern to the user until the bugs have been
eliminated from the compiler. The required number of bytes

may be estimated using the following formula:

space reguirad = (bandwidth) (number c¢f nodes) (8)(2.0)
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input file, MEF will request the name of the output file.
Once again, this may be any legal file name including PFXN.
The response PRN will result in the output being directed

to the printer. MS-DOS pathnames are not supported by MEF

in the naming of input and output files. After the entry

of the output file, MEF will begin to process the command
input file; as MEF processes the input commands it will up-
date the console with information concerning which functional
block it is processing.

When MEF is used on a system which doces not have a
hard disk it is best to keep the input and output data files
on a separate diskette in the default drive, and execute MEF
from the default drive using a drive designation. For example,
if the default drive was a: the MEF prcgram cculd be started
by typing b:MEF with the MEF diskette in drive b: and a
scratch diskette in a:. The reason for this is that MEF
creates several scratch files on the default drive during
execution, and there is not much room left on a floppy
diskette which contains MEF. MEF will create two scratch
files for an in-core solution, énd three scratch files for
an out-of-core solution; the names of these files will begin
with $$ so that it is not likely they will coincide with
existing file names.

Once the initial responses to MEF have been madoe,

the present version of the code expects all input to cone

from a command file, or the consolc. Attoempting to input
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o ELEMENT
- NUMBER DESCRIPTION REQUIRED PROPERTIES
€ Three noded triangular 1) index fecr inte-
plate kending element for gration by
isotropic or orthotropic Gauss-Radau (1-5)
materials l = least accurate
Notes: 5 = most accurate
If the material is 1iso- 2) thickness
tropic propertlies are 3) 1 = isotropic
5) Young's modulus "2 = orthotroric
6) Poisson's ratio 4) location to cal-
7), 8) =0 culate stresses
If orthotropic 1 = centroid
5) D(1,1) 2 = corner nodes
6) D(1,2) 3 = midnodes
7) D(2,2) 5) - 8 ) according
8) D(3,3) to notes
where the D(i,j) are the 9) specific density
bending stiffness
elasticity constants
7 Twenty noded brick for 1) Young's modulus
three dimensional 2) Poisson's ratio
elasticity problems
8 Truss element for 2 or 1) cross-section
3 dimensicnal problems 2) Young's modulus
3) density
3. Running MEF
To execute MEF as installed on an IBM PC-XT or com-
patible, simply boot the operating system, log to the direc-

tory in which MEF.EXE is located, and type MEF followed by

a carriage return. MEF will respond by asking for the name

of the command input file. The response ; be any legal

MS-DO5 file name, including a disk drive identifier (for

example, a:INPUT.DAT). If the response 1is the MS-DOS

1dentifier CON then MEF will expect to receive all commands

and inputs from the console keyboard. After entering the
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entered in the order expected by the element routine. Taktle
IV summarizes the properties required by each element in the
correct order. For those elements which require a material
density property, the property is used in the creation of a
mass matrix for the solution of eigenvalue problems. This
property may be omitted if the block VALP will not be used.
Element 5 is not implemented in this version, and has been

left out of Table IV.

Table IV. Element Summary

ELEMENT
NUMBER DESCRIPTION REQUIRED PROPERTIES
1 Eight noded guadrilateral 1) coefficient DX
for anisotroric harmonic 2) " DY
prcblems in 1, 2, or 3 3) " DZ
dimensions 4) specific heat
capacity
2 Eight noded yuadrilateral 1) Young's modulus
for 2 dimensional elasticity 2) Poisson's ratio
rroblems 3) 0 = plane stress
specific mass
3 S1x neoded triangular 1) Younyg's modulus
clement for 2 dimensiconal 2) Polsson's ratio
~lasticity crokblems 3) 0 = plane stress
1 = plane strain
! Three noded triangular 1) Young's modulus
clement for 2 dimensional 2) Poisson's ratio
roagions of unit thickness 3) 0 = plane stress
1 = plane strain
1) X body force
component
5) Y body force
component

) specific mass
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TR e L 2t Pt Lt Nt e | T AT T eR g v e e T e e T W W T ww  W W W T W T T T e T T T e T T oY

-

ELEM Reads the element connectivities. Also reads element
group information when more than cne element type 1is
used, or when elements have different properties.
Provides automatic element generation.

SOLC Input of concentrated loads.

SOLR Input of distributed loads.

LINM In-core assembly and solution of a linear system of
equations.

LIND Qut-of-core assembly and solution of a linear system

of equations.

NLIN Provides a limited nonlinear solution capability
using the Newton-Raphson method.

TEMP Provides the solution of a linear or nonlinear time
dependent problem using an EBEuler method.

VALP Computes eigenvalues and eigenvectcrs using the sub-
space iteration method.

STOP Terminates execution of the problem.

The following information concerning array names 1is
vrovided because the array names may appear in the output
listings with no explanation when verbose printouts are
recuested. Block COOR creates the table of nodal coordinates
in the array VCORG, and the cumulative degrees of freedom 1in
the array KDLNC. Block COND stores the equaticn identifica-
tion number for each degree cf freecom in the array KNEQ, and
the specified degrees of freedom at a boundary in the array
VDIMP. Block ELEM creates the array KLD which contains the
leccation of the bkeginning of =ach celumn in a skyline matrix,
and writes a disk file containing all information pertinent

to the description of an element. The disk file will be uscd
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t\ times through the loop is large enough to insure that any

L.

}' error induced by not counting the clock accesses is

: insignificant.
NO. OF TIMES CLOCK CYCLES NO. OF CYCLES

INSTRUCTICN EXECUTED PER EXECUTION IN LOOP

E:‘ MOV BX, 0AOQOh 1 4 4
MOV CX,00h 1 4 4

ta DEC BX 160 2 320

g JZ ENDWAIT 1 XFER 16 le

159 FAILS 4 636
{ DEC CX 1048576 2 20971520
L J
d JNZ LOOPS 1048560 XFERS 16 167769600
160 FAILS 4 640

JMP WAIT 160 15 2460

a

{ Total Clock Cycles In Loop 188745140

APParent Clock SPeed = 188745140 = 3.56 MHz

@!! 53
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CSEG  SEGMENT  PARA °CODE?

ASSLME C5:0526, DS:CSEl, §5:5TACK3S, S&ini™~1%G
O0R6  0100H
PUSH DS ;Save DS for return tc DOS, and
3 SUE  AX, AX sput a zero on the stack.
- PUSH AX
MV AX, CSEG ;Set the DS register.
. ' MOV DS, AX
- ;
b H
1 LEA DX, STRRTMSG
CALL  OUTMSG ;0utput start messace
-
ito screen,
€ :
L CALL  BEEP 1Beep terminal hell.
3
f e CALL BETTIME tReads clock chia and stores
H MOV STARTTM, DX :minutes and seconds in wmemary

;iocation, STARTTM.

mov BX, 0A0h ;Initialize counters for cdelay looa.
MoV CX, 00h 1For real run BX=0ACh
WAIT:  DEC BX 1Run around in circles about

JI ENDWAIT ;10 million times.
LOOPS: DEC cx

INZ LOOPS
Jmp WAIT
5
ENDWAIT:
CALL  GETTIME ;Read the clock cnip and

MoV STOPTM, DX  :store in memory location STOPTH,

CALL BEEP 1Beep terminal dell.

LEA DX, ENDMSG
CALL QUT™™SE ;Send all dome message
;to the terminal,

JELAPSED TIME Compute elapsed time,

Pl ) eor - R A L e W W R e U T - A e SN i S Sl el Ml Sl i i PPN L AT
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R -

XO0R
MoV
MV
MoV
Cup

ROC
DRA
SUB

ngy

CALL
LEA
caLL

My
INT
RET

OUTWSS  ENDP

k- S e i Sty

;Elapsed time 15 assumed less than
jore minute,

RXx, AX ;Clear R,

BX, STOPT

CX, STARTTM

AL, BL ;5too time 1n secores in AL

BH, CH 11f minute has increwented during

LBLA wwalt ioop wust add 60 seconds ‘o

AL, 60h ;stoo time to compute correct cezita t.
3Al1 of this warks because the cleock

AL, CL sprovices BCD gquantit:ec,

DX, AX

ASCCONV ;Convert elapsed time to A3CI1.
DX, ELTIMEMSG;and cutput elapsed time, in secorcs,

QUTMSE ito the screen.

AH, 4Ch +Return to DOS.

2th

NERR

AH, 02h ;SUBROUTINE to heep the
0L, 07h iterminal bell.

2in

NEAR

DX, ozCah {SUBROUTINE to reads system clock.
Ax, DX

DX, Ax iThe hours are placed 1n CX, and the
1low orcer count {aporox 18.2 counts

ENDP ;per second) 1in DX,

NEAR

RH, 05h {SUBROUTINE to cutoyt string pointed

2th ito by DX

PROC  NEAR ;Convert elapsed time to ASCII.

SI, ASCVAL+3 ;51 points to least significant
idigit's storage location,

CX, 04 iImtialize loop counter.
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P —
Py . - IR
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LBLC:  PUSH
LY
AND
OR
MoV
DEC
MOV
SHR
MOV
pop
Lage
RET

ASCCONV ENDP

i

1

STARTMSE DB

ENDMSG DB

STARTTM DM

STOPT™  Du

ELTIMEMSE DB

ASCVAL DB

L]

]

CSEG ENDS

.
1)
.
)

cx
CX, 04
AX, 000Fh
AX, 30h
(513, AL
51

ax, DX
AX, CL
DX, AX
cX

T TRy r—"89 Pp——

;Save the loco count,

1Shaift court in CX.

;Strip right wost nybddle.
;Convert digit to ASCI! character.
;Store the character,

iMove the mext digit into the least

ssignificant nybble.

'Begin wait loop',(ODh, ORh, ORh, ORh, ' ¢?
YEnd wait loop',0Dh,0fh,'$!

?
)

'Elapsed time in seconds: !

) 4!

TACKSE SEGMENT PARA STACK 'STACK!

DwW

STACKSS  ENDS

END

80 DuRr(?)
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L‘n APPENDIX B

MATRIX SOLUTION TEST PROGRAM

The following FORTRAN program was used to test the
capability of the machine to solve a system of equations,

[A] (X) = (B), whose coefficient matrix, [A], required more

than 65,536 bytes of storage. The main program requests a
job name, and the number of equations to be solved. It then
fills the [A] matrix symmetrically, in banded fashion, with
the number of equations (NEQ) on the diagconal, and each
subdiagonal decreased by one more than the previous sub-
diagonal; the right hand side of the system, (B), is always

a vector .0of 100.0's. For example, if the number of equations

were 5 the program would solve the following system:

5 4 3 2 1 X1 100
4 5 4 3 2 X2 100
3 4 5 4 3 X3 = 100
2 3 4 5 4 X4 100
1 2 3 4 5 X5 100
® The program stores the solution and the solution time on
} the disk in a file which is identified as jobname.DAT. In

addition, the results and solution time are displayed cn the

° console. The system is positive definite which guarantees

€2
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that no processor error condition will occur in the solution
of the system. The number of steps to achieve solution is
fixed for a given matrix size, and the amount of time to
achieve the solution is not affected by the accuracy of the
answers. In short, the only thing which is of interest

here is being able to-run a series of benchmarks which are
guaranteed to proceed to completion.

The elapsed time is determined by successive calls to an
assembly language routine, TICKER, which must be assembled
separately and linked to the FORTRAN subroutines. The
routine was added because the Microsoft FORTRAN compiler
has no function which allows access to the system clock.

For large systems, which require more than a few seconds to
solve, the program could easily be set up to signal the user
to start and stop timing with a stop watch. However, for
smaller systems, such as the 25 and 32 DOF tests, the elapsed
time is too small to determine with a stopwatch. Particularly
when the results are to be used to predict solution times

for larger systems.
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The resuits of the four

3. 846153846 1338E+00
-1,5539431443739€-13
6.7087227108802E-15
1. 35054569134106-15
-4, (0948604156610E-17
1. 6439513664 323E-15
2. TAS34C20E684E-14
2.1610766337363E-14
3. B461538461535E+00

TiME

NED

3. 0303030303030E+00
-5. 3765407993493E~ 16
2. 05064960353875-15
-6. 7603270454854E-15
-3. T766604300654E-15
2. 346523273307%-15
1,2880062543391E-14
-8. 069449501 3671E-15
2. 94807581 12488E-15
-4, 91946479738805-15
9.7680238081 105E-15

test runs are as follows:

FOR TEST-!.DAT
The Solution Is

6.9501601786561E-15
-1, 2678408065003E-15
4, 4530084107864E-15
7.4119342420388E-15
6. 7101291 338120E-1S
-1.9178192891666c-14
-9.5897682:563435-16

(5767 MINUTES

€03 Tz5T-2.0AT

The Solution Is
2.8196140307340E-17
8.65834815328822-15
7.9685816303.652-16
2.0326481785032C~;
3. 3827107781548E-!
1,2883032314559E-14
-3, 90984505574032-15
2. 1393362284350~ 14
2.2982134850833-14
2,45176901354337¢5~14
3. 0303030303030E+40

o n

TIME = . 11800 MINUTES

-5.8183935461887E-15
-7.3976511644819%€-15
-4, 8174716330773E-13
-8. 7056834 328442E-15
-7, 3233038073074E-135
-2. 083601 33650038- 14
-2, 6964337503342
2. 133898197602EE-!

£ on

3. (6184830334045~ 18
Z.33428824135722-15
v [y

2, 1781157329520 0

[ ettt el g

CTSTATCILISTARE- T

-8, 12303501 3505515
-2, 26318557 TNE e
2 ISAIITSTEREICI T
=2, 45233030153 74T
-2, 053016131 54373- -

FATI LT
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9. 3009300930099E-01
6. 6310189646372£-16
6.0231630128163E-15
-2.00346371235533E-15
-2. 8687389483966E-16
-1. 156829066661 3E-15
8, 7207840463378E-15
-1.6390411200061E-13
-1, 2004944675362E~14
8.1980386773411E-15
-4, 110940677944 1E-16
1.2043962732201E-14
4, 1975035855025€E-15
2. 0954030800393E-14
3.8276714669663€-15
-9.5233129178¢82¢-15
3. 4023789901 836E-14
5. 4919387864¢962-15
-1.9756178267955E-1 4
-2. 565146521 7665E-16
-9.8171447719577€-15
1.7386323809334E-14
7. 4810433570045E-14
-5, 2844278730221£-15
-4,9256092013141E-14
5.3017426386583E-14
1. 3768713958846E-14
-5.53886637185%E~14
-4, 7976771901 982E-14
1.0906959678161E-14
2. 3084307311 326E-14
3. 3017140084367€-15
3.6541830133710E-14
9. 9009900930098c-01

TIME

NED

Jup. . . 3 " -

FCGR TZST-3.0AT
The Soivtion is

9,5453377:1997058-17  -6.80407a263 001

3. 16022806704382-17
-7.546073770401 1E-15
2. 4533B403268452E-15
-1, 475533061 0034E-19
1.5067832271187€ 5
-1,2381694833975E-14
-3.20615339797112-15
6. 8472608535533E-15
-1.02101865:9736E-14
9, 538748612441 3E-.5
-1, 119365265334642-14
6. 45463054 358485-15
-9, 0052087558773=-15
1.2B063BB3CTT0E-14
-7. 7232684123203~ 16
-3, 0417698345392E-14
-2.6434621782283c-15
3. 9992584 15640085
’1 3B8204777372038-15
2.82676232416535-14
2. 1753326657387~
-3. 772127992751 3E-14
3.2214384665882c-13
2.63:174761948045-14
-9, 0804380408870z-14
-2,5653900778252E-( 4
4, 74813436400732-14
-5, 46558005677708-15
-4,34749603392402-1
-7.474055101563.E-14
-7.29036268837342-14
-8, 2333428774833E-13

3.47767 MINUTES

.
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‘833385348956

. B145373786:
.BI55341 | TRERZE-!
L ELIATRAITY Le4T-14
. 847 ez
£ 4190569552455 14
1. 3110BOSIECI6E- S
.95434$oq33353;_13
. 12BCO27S5RRZSE-:

. u9839‘67:3346—
L 2703640872189 -2
. L08R0Z43T7324842 -

048.06:C

Lh

on

4

35&85a6dﬁ9683--.3

. 4033187850455

6361315038063 14

t4

8072803236238

L78L

-

L TAB3ZITITIAE-
.S'

. 5633078530216~
G037 L
4333862851 7002~ 4
16612068632-.2
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. 8663306c1578c-14

“

“3446 33' t-17

e A A A
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T C—

4,9751243781094E-0!
-4, 5243592798550E~17
1,9287997925250€-16
-¢.9397240713880€-16
3.5684193113147E-15
2.2367031680076c-15
2. 3423274737468E-15
~2. 3369133923859€-15
1, 481334731 1197E-13
1. 6098180082562E-15
4, 1142527518302E-15
-1.3439971017725c-16
3.6405878180338E-15
-7.4204493366424E-16
-5, 5831197567106€-15
-1.1138016247761E-14
-1.2731667911300E-14
1.112999156%071£-14
7.8344351013626%-13
-1.8908238702695E-14
-2. 9844232679228 15
-1.2559422095201E-14
8.919278034330%-15
1. 683102841 7556E-14
-1.43528803365360E-1 4
-4. 04199877361 25815
6. 7143807187873E-16
-4, 3836842898259 14
-1, 71596432521 39E-14
9.5041349490937E-15
-5, 1336403462991E-14
-1. 7658284540965~ 14
8. 2644581 147134E-15
-1.3568562182020E-14
-2, Z276578855938E-14
~3. 1446321094405E-14
-7.631233521435%-15
1.1693870743176E-15
-2.50216106651376-14
8.8949331357590¢£-14
4, 8018624008535€-15
2. 3609456951 757E-14
-5, 441 7749168070E~135
-9. 8757298532470~ 14
4,2798877724721E-15
7. 37035480197 14E-14
4, 1742722696338E-14

LaRgS S e S e Sadd - Alketa

FOR TEST-4.DA”
The Soiuz:on s

8. 1040715763344~ 15
4, 8230247663359E 15
-4, 64077980437202-15
-1, 5735667174562~ 15
-2, 716089041 27675-15
-7.86109749592642- 16
-1, 2265976148590~ {5
4, 354939960350 3E-13
-2,8874830767.52E~:5
-5, 7681167605003z~ 16
2.5355952712168E-16
1. 0247340536123:-15
-2.62107667266808E-15
2.09848580328745-15
-1.0008036406686E-15
9. 9023443306656E-15
1,9041134820711E-15
-9, 4719234613573~ 15
1.9739923108076E~15
2. 020628162063~ 14
8.47139286617825-16
1. 5484353485252E- 14
~2. 3080259033355 -15
-3,4373303123280E-15
1. 2599790630383 14
-9, 7892357143773E-15
-3.2314241639296E-1C
4, 0763982358310E-14
1. 4877203649456E-14
~2. 34082268820685-14
3. 1699184579675~ 14
3. 50685283040642-14
-5, 47126345421096-16
2.35735205e277SE-17
3. 4438832352252E-14
-1.8711978854088E-15
-1.56914296520¢8c-14
1. 1510062775483~ 14
2. 444929R8C8106E-14
-6, 0429388230352 14
-3.69743251684603E-14
-4, 8371859447327<-14
1. 3555835971006E-!S
5. 79826078523085- 1 »
-2, 4817562337330€-14
~1.68394473575¢672- 14
S015125441023E-14

LW WS LT

-6, 302I7 L LGSE0EE-

-4.509¢9866564v8:-L

L TI6I651770A0T -
1.3863323: 2
-3, 23051 eE

- Ulb )55898;475:
-3, 431020332 4685~

-4, Z6BIL0{SETITE-!

-4, 33481567 126862,

-4, \_\.U\’B\j’&‘ a4

2. 3525417200357

c
o
-4, 1367BE36325C59-.

4. 3987323.6837625-.

1
4
8.022094648c3543-!
1

. 6303056985755
-4, 04363033253

e oL .
BN TN LI W o S X n- 10 0 N l'] O (lx

3 .-
[ I B BT

-2, 792288551 13.95 -8
-7.94763367:67352~ S
6.030312996534£2-1C
-1,5B03EZ53866128-14
-1, 15602302353942- <
2,8283.756(23255-15
-1, 1639838794455~
8.83054477935022-(C
2. (9764CRT7BOBHZ- 4
-1, 40346245442725- 14
4,5.292550677.82-.2
3. 4801730930343 -4
-2, 660563829:72:2-.¢
-2.5191860235¢319z-14
7. 705 0LAZER0ZZZ- 15
1.63739638747732-14
2, 0640983661685~ &
2. 16652251413205- 13
1.8378067173775%2- .«
-8. 2096351 38205255-15
-4, 805261 1442444224
1, 38681748700832-14
4, 0256525, 767865 -4
7.32109212268792-12
5.77530319973142-14
3, t8346:4c316332-9
-2, 2018049240052~ Lo
-6, 30073821630335-14
-7,815030398. 0258 - €
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-2,28350119640912-14

reman

1,2689:633358082-14
1. 1574493269464E-3

A aucee T e v A S VL IR A0 e _BAn s b e B Svan e )

o nmEig e T
4,004 001 0-1a

-1.0022774539354€-13 -3, E433876pBAGIZI- (-

- 4,3343846624364E-16 -3,673343089213€5-1

- 7.0939813268461E-15  2.0012673356.058-14

- 2.8251919858608E-14 b, 466340420636CE-15 -1, 4020473523012 15
-3.2055878018689E-14  1.1309775543359E-14  1.30C84046637812- 1
-1.5764743391088E-14 2. 3657361537363E-14 -1, 236779935880s2-14
-4,2716861775601E-15 -1.8147460524876E-15 -4, (114.0865483582 -1«
1.1405791906399€-13 -5.5741573151303E-14 -4, 2463832153077 -14

i -4, 2453076345260E-15 1. 036ES323B5526E-13 -8, §22G0454746783- -
2.94514631118265-14 -2, BB70R4B145435c-14 3, 31010€73295722-14
-6.83463726286%6E-14  7.3991561334720E-14  4,439726218:5062-12
-5.7453411423013E-14  1,8413394285291C-14  Z,4737310482275%-!
4, 14978545381 18E-14 -5, 321067925 1CBAE-.4 -2, 62LEC4S0ET 11T

g 6. 9963930172643E-14 -3, 36635660572555-14 -B.0364436T324262-13

! 2.6B81322987S47E-14 4, 70340902BB4RGE-14 -6, L3215686F04E34z-14
-1,6406994082191E-14 1, 300833058243%2-15 6, SA1S33E432
-7.9561942476138E-14 1. 3378279230443E-.3 -1, 3124826
-9.1698330013724E-15  8,5368721046333c-14 -9, 817714
8.43602°518051CE-14 4. 3751243781092E-0!

> TIME = 27.56230 MINUTES

NEQ = 200

)

>

>

»
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$LARGE

$NOFLOATCALLS
PROGRAM SOLDP
IMPLICIT DOUBLE PRECISION (R-H,G~1)
INTEGER#4 ITIMEL, ITIMEZ, CENTI
DIMENSICN A(4G0O00Y, B(20), JOBNAMZ(Z)
CHARACTER*1Z IFN
REAL#4 TIME
OPEN{S, FILE='CONY)
OPEN(E, FILE="CON .
WRITC(6,#) ' #s#4##x INTER A JOBNAME (8 CHARACTES »AX) ##
READ(3, 10} JOBNAME

10 FORMAT (2A4)
WRITE(6,#) ' ###eed INTER 7~2 \_MBEY OF SQUATIONS s#sssrs?
WRITE (R, #) * (MUST BE 200 0X LESS IN THIS VERSICN)
READ (5, %) NEQ
RHS=100, 0DO
[EXT='DAT’
CALL FNAME (JOBNAME, IEXT, IFN)
OPEN(2, FILE=IFN, STATUS="NEW' , FORM=" CCR¥ATTZC!
NEOMI=NEQ-1
DO {00 I=1,NEGM.
B(I1)=RNS
I1=(1-1) MNEG+]
A(I1)=NER
IP1=1+{
DO 100 J=1PI,NEQ
1J=(J-1) NEQ+]
JI={i-1) 6NED+]
ALLII=NEG-J+;
AD=AD

100 CONTINLE
B(NEDQ) =R-5
NEQNEG=NEG#NEG
A(NEQNETR) =\E]
CALL TICKER{ITIME:;
CALL ELL (A NEZ,
CALL SLVE(R, B, D)
CALL TICMER( TI¥in
CENT! = [7IMEZ - 7i¥Es
TIME = FLOAT/CENTD - 3000,
WRITE(2,998) i~.
WRITE(6,939) °N

998 FORMAT(T28,'FOR ', 4.7,
¢ T28,' The Solutien Iz, 0, TlE, 500
DO 200 [=1,NEQ, 3
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JI=1

JIP=JJ+e

IF(JIP.BT.NEQ) JIP = NEG

WRITE(2, ' (1P3E2Z, 13)") B(),J=00, 007

WRITE!6, ' (1P3E22.1317) (Q{4),4=00,007
200 CONTINUE

WRITE(6,939) TIME
WRITE(2,999) TIPE
999 FORMAT(/,5%," TIME = ',F12.5," MINGTZS?,/
WRITE (2, #) NER =, NER
WRITE(6, &) NER =1, MED
CLOSE (2)
STOP
END

SUBROUTINE ELU(A N}

C

CHHHHHHHHE R R AR F R R R RN AR R R Rt Rt S 43
c >
c THIS SUBROUTINE DECOMPOSES MATRIX B INTO A LOWEZ N7 ¥
C TRIANGULAR AND AN UPPER TRIANGULAR MATRIX, THE CRISINAL MATRIX *
C A IS REPLACED BY THE TWD TRIANBULAR YATRIZZS. ThI DIAGINAL 57+
c THE LOWER MATRIX IS NOT NEEDED SINCE [7 1§ 3 ONIT TRIANGULAS  »
C MATRIX. THIS IS A MODIFICATION OF A SUBROUTINE w=1772% 1% *
C 1963 . *
c «
CHEBHHH R R A E R R E R R R R R F S &
C ¥
C COPYRIGHT (C) BY GILLES CANTIN *
C MONTEREY, CARLIFORNIA, 24 JULY 1364, *
C ¥

Cimmﬂmmiliﬂh**&**i**H!lv*{**m{i{*ﬂﬂi*
C

IMPLICIT DOUBLE PRECISION (A-H,0-1)

DIMENSION A{(1)

NM{=N-1

D0 100 K=1,Nn}

KP1=K+1

KK=1K-1) #N¢K

RKK=R (4XK)

00 100 I=MPI,N

IK=(K=1) #N+ ]

G=-A(IK) /FKK

ALIK) =6

DO 100 J=KPi N

[J=(J-11 4N+

KJ=(J-1) ¥

100 ALTD) =A(L] 3edial
RETURN
END

69

SO NSRS NSRRI R SN SO JERE A : : z 4 PSP VA L

fa s aaa s

——p.




SUBROUTINZ 5LVE(A,Z, )

C

CHUBHHHEEE R R R €S 5 E e 165 0 AR E R R kb
C *
C THIS SUBROUTINE DOES A BACKWARD 5UzC707_711%. “0L.JWED BY A *
C FORWARD SUSBSTITUTION OF B INTO R, w~E®Z 2 -7% ALREADY EBEEN ¥
C DECOMPOSED BY A CALL 70 ELU. THE vECTOR B 13 LIz7-2:Il -2 *
C REPLACED BY THE ANSWERS TO THE SYSTEM OF LINSRR ZINTIC0Z. *
C <
CHEEHEHHHHH R R R R R P P R R b 4 e
C *
C COPYRIGHT (C) BY GILLES CANTI ¥
C MONTEREY, CALIFORNIA, 24 JULY 1384, *
C *

ClHﬂmﬂﬂﬂmﬂﬂiiiﬂﬂﬂi{ﬂﬂi*i{**{**{*ﬂ******H

C
IMPLICIT DOUBLE PRECISION (A-H,0-D)
DIMENSION R{1),B(])
NMd=N-t
NPi=N+1
DO 100 K=1,NM1
KP1=K+]
BK=B(K)
DO 100 I=KP{,N
IK=(K-1) #A\+]

100 B(I)=B(I)+&{IK) #BK
NN=N#N
BIN)=B(N) /R{NN)
DO 300 K=¢,N
[=NP1-K
J1=1+t
BI=B(I)
DO 200 J=J{,N
[J=(J-1) #N+]

200 BI=BI-A(IJ#E(0)
B(I)=bi
[1={1-1) #N+]

300 B(I)=BtD)/A: L)
RETURN
END
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C

SUBROLTINE FARMI IIEVIE, AT, T

(Rl e e e e Y L L s T e)

OO OO o000 oOm O

THIS SUBROUTINE TRKES AN ALT-ANGXERIZ JLENAvI CONTRIMZD N ¥
THE ARRAY JOBNAME(2) AND CONCRTENRTES 17 #l17- THE E)
NAME CONTAINED IN EXT AND RETURNS Thz LIYSJEZD “1.2 NArZ a7 »

THIS VERSION TRKES RDVANTRGE OF FORTAAN-77 AMD SFGULD BS s
MACHINE INDEPENDENT, [T HAS WORKZD O\ THE VAX/780 TAE .
APOLLO MODEL DN/3GO, AND THE IBM BC, -

FHHPHHHHE R R R R R R R R R R AR R AR LS AR E R AR R

*
COPYRIGHT (C)} BY GILLES CANTIN *
MONTEREY, CALIFORNIA, 24 JULY (384, *

¥

C# #4340 1 HR A HF AR S SRR E R R R %

C

10

70

DIMENSION JOBNAME(2),FN(3),JJOB(2),FEN{3)
CHARRCTER#L JOBCH(B),FNCH{12),EXTCH (4}, BLANK, PERICD
EQUIVALENCE (JJOB(1),JOBCH(1) ), (ZEXT,EXTCH(1) ), (FENCL) , ANCH L))
DATA BLANK/' '/,PERIOD/.Y/

D0 10 1=1,4

EXTCH{I)=BLANK

D0 20 1={,8

JOBCH (1} =BLANK

DU 30 I=1,12

FNCH (1) =BLRENK

D0 a0 I=1,2

JJOB(1)=JOENANE (1)

EEXT=EXT

EXTCE (4) =EXTCH(3)

EXTCH() =EXTCR i)

EXTCH(e) =X "Cuy

EXTCH(1)=92]1CD

D0 50 i=t,4

IF(JORCH 1) ss, EanAy 1=
FNCH(T)=J0RCH: 1)

[L=11+1

[H=1L+3

DO 60 I1=iL,["

[I=1-11

FNCH(1) =ZXTCREIIT)

D0 70 [=i,.

FN(T) =FFENCDS

RETURN

END
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(SOLR)
)

BLSOLR

EXSOLR

ASFG

' ! I

ASSEL ELEMLB RDELEM

(EXIT) e

FUNCTIONAL BLOCK SOLR
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(SOLC)

BLSOLC
v v
ESPACE EXSOLC
v
ERREUR

(EXIT)

FUNCTIONAL BLOCK SOLC
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(PRND)

BLPRND

ESPACE EXPRND

(EXIT)

FUNCTIONAL BLOCK PRND
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FUNCTIONAL BLOCK DLPN
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ESPACE EXCOOR

ERREUR

FUNCTIONAL BLOCK COOR
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ESPACE EXCOND VIDE J
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(EXIT)

FUNCTIONAL BLOCK COND
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pop
pop
PP
PoP
pop
RET

TICKER ENDP

Cope

ENDS
END

B L S e aREC

DX
€X
BX
RX
BP

Ty .y
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SUBROUTINE TICKZR(:ITIME)

THIS IS AN 8088 ASSEMELY LANGLHAGE C‘...‘E
ADAPTED FROCM A PROGRA® WRITTEN BY w, C.AST G
BOSTON COMPUTER SOCIZTY, ONc CE\":’( PLAZA,
MASS 02108. THE ORIGIMAL VERSICN wRS FOR ¥ICROSI
FORTRAN V3.1, AND WAS PUBLISHED IN EYTZ rG3ALIN
FEB 1984, THIS VERSION HAS BEEN MODIFIED 7C
CONFORM 70 THE CALLING COVVENTION FOR ¢ICRCSOF™
FORTRAN V3. 2.

i
-

U:l

AS IN THE VERGION WRITTEN BY LLAFF, THIS VERSICN
EXTRACTS THE BCD TIME FROM DOS, AND RETURNS THE
RESULT TO THE CALLING PROGRAM IN CENTISECONDS.

DATA SEGMENT PUBLIC 'DATA?
DATR  ENDS
DGROUP GROUP DATA
CODE  SEGMENT 'CODE!
ASSUME CS:CODE, DS:DGROUP, S5:DGROUP
PUBLIC TICKER
TICKER PROC FAR
PUSH Bp
MOY BR, 5P
PUSK AX
PUSH BX
PUSH £x
PUSH DX
MoV AH, OCH
INT 02{H
XCHG CX,0X
mv A, CH
MoV BL, 100
ML BL
MoV CH, O
ADD cX, Ax
LY AL, H
MoV BL, 60
MUL BL
MoV DH, ©
ADD AX, DX
MoV DX, 0
MoV BX, 6000
ML B
ADD CXx, Ax
ADcC DX, 0
LES BX, DWORD PTR [BP+6:
MoV ES: {BXI,CX
mv ES: [BX+23,0X
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<UNSTEADY ASSEMBLY AND SOLUTIOD

EULER
|
¥ ¥ 3 3
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ELEMENTS

FUNCTIONS FOR UNSTEADY ASSEMBLY, SOLUTION AND PRINTING
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APPENDIX D

SAMPLE PROBLEMS AND SOLUTIONS

Conduction heat transfer problem for comparison with

the results.of Dhatt and Touzot

X g

rewd

concrete plate

D C
LUV )i Bl @il

13

Senbnfoibedeci A A

e

3m

Sgr WO

T TTTITT I T I T T Ty T T T
i [YBARRALRARRALLE MM AMERARRALE Y-

1.4 w/(m °C)

[N
1]

a
"

[a%
1]

2.03 x 10% g/(m3 O¢)

(]
1]

constant heat flux on inside = 1
The distributed boundary condition on the inner circle
is replaced by consistent concentrated nodal values:

0.6545
0.2618
0.1309

nodes 1, 17
nodes 6, 14
node 9

N - s P PR A TR Y S - A z " ca el el et e " — — o AU U - il H . Ll atiadandads




[ )

The consistent nodal

0.6545

0.2618

0.1309

 Jat “ BTkl (e RS ‘B N A 2 v DA BN R e A a.

values are arrived at as follows:

m

4

108

I
6

I
12

In the analysis, the double symmetry allows only one quarter

of the plate to be considered.
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F.EM3.
G. TOUZOT, G.DHATT
MODIFIED BY

REHE E. RUESCH

IMAGE OF DRTA CARDS

COLUMN NUMBER

CARD { 4 3 4 p! 6 7 a
NUMBER 123456789012345678301234567890123436789C 1 2345678301 2345678301 2345678301 234257870

{ Cont

e HEAT TRANSFER IN A PERFORATED 5QUARE FLATE

3 SAMPLE PROBLEM TO COMPRRE RESULTS OF MEF ON THE IBM PC

4 WiTH THGSE 0OF THE AUTHORS, DHATT AND TCUZDT

5

6 COoR

7 el t 2 0.5 0.9

8 100 1.0 0.0 S0.90 3.0 0.0

9 6 0.3827 0.9233 0.0 8 1.9 3.0 0.0

10 3 0.707 0.707 0.0 13 3.0 3.0 VY

i1 14 0.9239 0.38¢7 0.0 16 3.0 1.5 0.0

12 17 1.0 0.0 0.0 et 3.0 0.0 0.0

13 0

14 COND

15

16 13 16 2t

17 0

18 PREL

19 1 4

20 1 1.4 1.4 1.4 2.03k6

el 0

22 ELEM

a3 4 8 1

24 1 2 8 { 1 tr 6 93 10 1t 73 ¢

25 3 2 8 ! { ! 3 7 1t 1k 13 8 5 s

% 0

a7 SoLC 3

28 1 0.06545

29 V4

30 ¢ 0.1309

3t 9

97
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s vt na s

W e W Ve oW

K™ 3 0.2018
33 6 14
34 0
39 LINY
36 1
37 ST0P
CARD 123456789012345678901234567890: 2345678901 2345678901234567830. 234567890 2245078
NUMBER { 2 3 4 ] 6 7 8
COLUMN NUNMBER
END OF DRTA

HEAT TRANSFER IN A PERFORATED SQUARE PLATE

SAMPLE PROBLEM TO COMPARE RESULTS OF MEF ON THE IBM PC

WITH THOSE OF THE AUTHORS, DHATT AND TOUZOT

INPUT OF NODES (M= Q)

MAX. NUMBER OF NODES (NNT)= 21
MAX. NUMBER OF D.0.F. PER NODE (NDLN) = 1
DIMENSIONS OF TnE PROBLEM (NDIM)= 2
COORDINATE SCALE FACTORS {FRC)=
WORKSPACE IN REAL WORDS (NVA) = 200G

INPUT OF BOUNDARY CONDITIONS (M= O)

BOUNDARY CONDITIONS CARDS

111 311000000000 . 0O00GE+00 ., 00000E+00  , 00COOE+00 ., 00000Z+00

M 13 6 20 0 ¢ 0 0 0 0 9

133))0000000000 . 00000E+OQ . 0Q000E+00 . 000C0E+00  , 000G0Z+00
TOTAL NUMBER OF NODES (NNT) =
TOTAL MUMBER OF D.O.F. (NDLT) =
NUMBER OF EQUATIONS TO BE SOLVED (N =
NUMBER OF PRESCRIBtD NON ZERQ D.G.F. {NCLNZ)=
MUMBER OF PRESCRIBED CERQ D.O.F, (NCL2)=

98

+ S0000E+00 . S0000E+00
0

« 10000z +01

LGO000E00 L GRO0OZ e, QUQI0E+0
0 3 0 K 2

L 00000c+00 . QOOQOE+GG , COGLIZ -G

L

N . .




TOTAL NUMBER OF PRESCRIBED D.0.F.

NODAL COCORDINATES ARRAY

NO DL, X
{ 1 . 00000E-00
2 1 . 00000E+00
3 1 L 00000E+00
4 1 . 00000E+00
3 1, 00000E+00
6 1 . 19135E+00
7 1 .47068E+00
8 1 . 75000E+00
9 1 . 35350E+00
10 1 . BAOI3E+00
11 1 . 32675E+00
12 1 121348401
13 1 . 15000E+01
14 1 46195E+00
15 1 . 98097E+00
16 t . 15000E+0L
17 1 . S0000€+00
18 1 . 75000E+00
19 1 .10000E+01
0 1 . 12500E+01
4 1. 15000E+01

Y

» 30000€+00
. TS000E+00
. 10000E+01
. 12300E+01
. 13000401
. 46195E+00
. 38097E+00
. 15000E+01
« 33350E+00
. 64013E+00
« 52675E+00
12134E+01
+ 13000401
. 191 3TE+0
. ATOBBEH)0
« THGOE+(0
. Q0000EHY,
. 000D00E+00
. 00000E+00
. 00000E+00
. 00000E+00

INPUT OF ELEMENT PROPERTIES (M= 0)

1

. 00000E +00
. 00000E+00
. 00000E+00
+ JO0GOE+00
. 0000QE+0
+ 000GOE+00
. 0000CE+(0
« 0000QE+00
+ 00000E+00
« 00000E+00

. 00000E+00

« 00000E +00
. GOOO0E+00
. 00000E+00
. Q00CQE+00
. 0GOUOE+00
. 00000E+00
. Q00QQE+00
. 00000E+00
. 00QGOE+00
« QO00OE+C0

NUMBER OF GROUPS OF PRODERTIES
NUMBER OF PROPERTIES PER GROUP

CARDS OF ELEMENT PROPERTIZS

RN 1 . [4000E+01
) 0, 000Q0E+00

INPUT OF ELEMENTS (M= O)

. 14000E+01
. 00000E+00

. 14000E+0:

MRY. NUMBER OF ELZMENTS

MAX. NUMBER OF NODES PER ELEMENT
DEFAULT ELEMENT Ty
NUMBER OF GROUPS OF ELEMENTS
INDEX FOR NON SYYMETRIC 930BLZY
INDEX FOR IDENTICAL CS_EMENTS

P VP S . P T Y

iNCLT) =

3

cQUATION NUYBEX

{NGPE) =
(NPRE) =

L 20300E+LT7
. 00000E~00

(NELT) =
(NNEL} =
(NTPE) =
(NGRE) =
(NSYM) =
(NIDENT) =

99
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RSSEMBLING AND LINEAR SOLUTION (M= 0)

INDEX FOR RESIDUAL COMPUTATION
ENERGY (ENERG) = . 426536400

ABSOLUTE VALUE OF MINIMUM PIVCT
ALGEBRAIC VALLE=
DETERMINANT

MAX. RESIDUAL VALUE= .2626¢E-15 EQUATION 6

P D T WY o P U S i Py

(NRES) = {

= 97A69E+00 EQURTION: 5
. I7463E400 EQUATION: 5
<14103E409 ¢ 10 #+ 0

100

P W S S S U

—— ~ v L s Jag Jantt i it - T—.":_"
ELEMENT: 1 TYPE: 1 N,P.: 8 D.G.F.: 8N 9%05: 0 EL. 29GP: 4 GRCUS: |
CONNECTIVITY (NE) t &6 3 0 i T 3 2
ELEMENT: 2 TYPE: 1 N,P,: 8 D.0.F.: 8 N. 2R0P: 0 Z_, SR@p: & 3300P:
CONNECTIVITY (NE) 9 14 17 18 139 15 ! 10
ELEMENT: 3 TYPE: ! N,P.: 8 D.0.F.: B8 N, PROO: 0 EL. PROP: 4 GRCU:
CONNECTIVITY (N&) 3 7 11 12 13 8 5 4
ELEMENT: 4 TYPE: | N.P.: 8 D.0.F.: 8N, PROP: O EL. PROP: 4 BROUD:
CONNECTIVITY (NE) 11 15 19 20 2! 16 13 12
MEAN BAND HEIBHT= 5.3 MAXIMUN= 10
LENGTH OF A TRIANGLE IN KG (NKG) = 35
[ NUMBER OF INTEGRATION POINTS (NPG) = 36
-
}
m INPUT OF CONCENTRADED LOADS (M= 3)
[ TRBLE 76 GOES FRCM VA(  11l) T3 VAL 128
X
\
;'. CARDS OF NODAL LOADS
nn 1 .65450E-01
m» 1706 0 o 0 0 0 0 0 0 0 06 0 0 0
NNy 2 . 13090E+00
My 8 ¢ 0 0 0 0 0 0 0 0 0 6 0 0 o0 0
NNy 3 L2B180EH0
»nyy 6 ¥ o0 ¢ 0 0 0 0 o0 0 0o o o0 0 0 O
MY 0, 00000EH0
TOTAL LOAD VECTOR
63450601 . OO0OOE+00 . O000OE+00 . GOOOOE+O0 . OO000E+00 . 2R1BOE+00 . 0COOOE+00 . OOCOOE+O0 |, 13052
00 . 00000E+00
.GO000E+00 . 00000E+00 . 26180E+00 . 00C00E+G0 . BSAS0E-01 . Q0000E+00 . DOOQOE+O0 . COGOOE+(u




SOLUTION

NODES X

« 00000E+30
+ 00000E+00
- 00000E +00
. 00000E +00
. 00000E+00
. 19135E+00
. 47068E+00
« TS000E+00
. 35350 +00
«B4013E+00
« 92675E+00
. 12134E+01
« 15000€+01
«46190E+00
.98097E+00
« 15000€+01
. S0000E+00
« TS000E+00
13 . 10000E+01
20 . 12500E+01
21 ", 1S000E+01

o NS> Ny

— e P e
W~ O W

— e ps e e
@~ o e

PRy e Y o, WU R

Y

. S0000E+00
« 15000E+00
. 10000E +01
« 12500E+01
« 15000€+01
. 46195E+00
+98097E+00
« 15000E+01
« 35350E+00
. BA013E+00
.3675E+00
. 12134E+01
« 13000€+01
. 19135€+00
. 47068E+00
» TS000E+00
. 00000E+00
. 00000E+00
. 00000E +00
. 00000E+00
. 00000E +00

GRADIENTS IN ELEMENT : 1

P.6. : 1 COORDINATES :
GRADIENTS & -, 113728400 -, 81069E+00

P.6. : 2 COORDINATES :
BRADIENTS

P.6. : 3 COORDINATES
GRADIENTS

T4

« 00000E+00
. 0000GE+00
+ 00000E+00
. 00000E+00
. 00000E+(0
. 00000E+00
. 00000E+00
« 00000E+00
. 00000E+00
+ D0000E+0
« Q0000E+Q0
+ 00000E +00
. 00000E+00
. 0Q00UE +00
. 0000CE+00
« 00000E +00
. 00000E+00
. 00000E+G0
. 00000E+00
. 00000E+00
. 0000CE+00

« 3263260t

. 76523E-01

. 10041E+00

. 76823E+00

DEBRESS 07 F3z=DOY (# = °RISCITEED)

« TS2CE+0D
. 44681E+00
« 3713TEH0
« 3332BE+00
« 3231TEHOC
. SEEB4E+00
. 3.TSREHO
. £1866E+00
. S3BBTE+OQ
+ 33300E+00
. 1981BE+00
. 93103E-01
. 00000E+GO *
L2L421EH0
« QO0C0E+Q0 #
. SOSBTE+00
. 35T4FE+00
. 22997E+00
. 10981E+00
. 000COE+00 *

. 954068 +0C

o T4818E+00

- 12315400 -, 37158E+00

. 94230E+00

-, 114875400 -, 33463E+00

P.6. : 4 COORDINATES : ,22283EX00 ,S2044E+)0
GRADIENTS  : -, 41886E+00 -, 70605E+00
P.6. : 5 COORDINATES :  3310lE+00 .72146E+(C
BRADIENTS  : -, 33351E+00 -,49289E+00
P.G. : 6 COORDINATES : .43919E+00 .S9224BE+0C
GRADIENTS  : -,2B636E+00 -.25307E+00
P.6. : 7 COORDINATES : .37650E+00 .44637E400
GRADIENTS  : -,65130E+00 -, 470472400
P.6. : B8 COORDINATES : .5723(Z+00 .6A30O7E+Q0

GRADIENTS  : ~.51763E+00 -.32330E+00
P.6. : 9 COORDINATES
GRADIENTS

. B7916EH00

-, 44680E+00 -, 11383E+00

101
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e ¢

. PG
i' : p.G.

P.G. :

7.6, :

a s

P.6. :

P.6. :

P.G. :

P.G. :

! GRADIENTS IN ELEMENT :

2
[

t COORDINATES : . 446375400
¢ = TI704E+00 -, 4C196CE+U0

GRADIENTS

2 COORDINATES :

GRADIENTS

3 COCRDINATES :

GRADIENTS

4 COORDINATES
GRADIENTS

5 COORDINATES
GRADIENTS

6 COGRDINATES
GRADIENTS

GRADIENTS

. 6B30TE+O
: -.60362E+00
.B7316E+00
3 -, 45595E+00
t 320445400
: -, 8857SE+C0
s L T21ABE+00
1 =, 73534E+00
t L 9224854+00

 3T6S0E+00

L S7236E+00
- 2EBSCE+I0
. 768232 +00
-, 14059800
L EEEA3Z+O0
-, 24160S+0D
. 331012+00
- 17973200
.439192+00

¢~ SB0E00 -, 107442400
7 COORDINATES : . S55406c+00

! -.89617E+00

8 COORDINATES : . 74818E+00

GRADIENTS

: - 78959 +00

9 COORDINATES : . 94230E+00
+ -.69255€+09 -.56986c-01

GRADIENTS

GRADIENTS IN ELEMENT :

P.G. :
P.G. ¢
P.G.
P.G. :
F- p.6. :
P.G. :
b P.G. :

p.G. :

P.6.

3

1 COORDINATES : . 11432E+00

GRADIENTS

2 COORDINATES :

GRADIENTS

3 COORDINATES :

BRADIENTS

4 COORDINATES :

GRADIENTS

S COORDINATES :

BRADIENTS

6 COORDINATES :

GRADIENTS

7 COORDINATES :

GRADIENTS

8 COORDINATES :

GRADIENTS

: = 11051E+00
. 13821E+00
: =, 11648E+(0
. 16210E+00
t - 131206400
. S0216E+00
1 = 2TTHEHOO
.61038E+00
1 -, 280592400
. 71832E+00
1 -, 295738+00
. 88222€ +00
+ -, 438175400
. 10781E+01
1 -, 443355400

9 COORDINATES : . 13740E+01

BRADIENTS

+ -, 46020E+00

« 526326-01
- 17282E-0]
. 763232-01
-, 75875601
< iD041Z+00

L L0S5ZEw0L
-, 254542400
=L LIRS
- 140372400
. 184358401
-, 25123z-01
L1039%Ew0:
-, 20122E+00
. 1280SE+]
- 11578E+00
. 184152401
-, 24060Z-01
LL008FEH]
-.863222-01
122105401
-, 28634E-01
LA63TIEH)L
L 602:85-(1
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GRADIENTS IN ELEMENT : 4

P.6. : | COORDINATES : .10043E+01 ,8BZ3ZE+0(
GRADIENTS  : -.46122E+00 -.994425-01
P.6. : 2 COORDINATES : .1c210E+01 . 10781E+01
GRADIENTS  : -.463B0E+00 -.47926E-01

- P.G. : 3 COORDINATES : .14371E+01 127402401
{ GRADIENTS  : -.AS4B1E+00 -.345655-02
" P.6. : & COORDINATES : .10395E+01 .S0Z16E+00
{ GRADIENTS  : -.576iSE+00 -.74187E-01
f P.6. : 5 COORDINATES : .12405E+01 .B1034Z400
] GRADIENTS  : -,5S83SE+00 -, 361362~01

P.6. : 6 COORDINATES : .14415E+01 .7iBSZE+00

GRADIENTS  : -.53562E400 -, 7234108

° P.G. : 7 COORDINATES : .10SS3E+01 . 114325400
) GRADIENTS  : -.6S031E+00 -.36270E-01
P.6. : 8 COORDINATES : .12494E+01 . 13621E+00
GRADIENTS & -.6EZ3SE+00 -, 20020E-~01

P.6. : 9 COORDINATES : . 144355401 .i6210E+(0
GRADIENTS  : -.S59409E+00 -, 42941502

EQUILIBRIUM RESIDUALS AND REACTIONS

NODES X Y I DEBREES 0F ©REEDOM (# = IR=3CIIBED)

{ ,00000E+00 . S0000E+00 . 00000E+00 « GO00UE+J0

2 . 00000E+00 . 75000E+0CG . 00000E+00 -, 1033%-13

3 .00000E+00 . 10000E+0! .00000E+00 . 27T736E-16

4 .00000E+00 .12500E+01 .00OOCE+00 - 77743E-16

3 .00000E+00 .15000E+01 .00000E+00 . 13109E-i5

6 191358400 .46133€+00 . 0000CE+X0 = E7756E-15

7 .47068E+00 .3B097E+00 . 00000E+00 - 1L102E-15

8 .75000E+00 .13000E+01 .OQO000OE+00 - 63313E-6

9 ,3I5350E+00 .3330E+00 . 00000E+O0 . 37470E-.5
10 ,64013E+00 .6A013E400 . 00OO0E+0 =, 40246E-13
11 ,92675E+00 .32675E+00 . 000O0E+G0 . 30531E-15
12 . 12134E+01 . 12134E+01 ,0000CE+00 . 13823615
13 . 15000E+01 . 15000E+01 . 000QOE+(0 ~. |0ZBBE+O0 *
14 . 86195E+00 . 191356400 .00000E+00 i10cE-15
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. 15 .98097E+00 470685400 . 00000E+00 L L110ZE-15

. 16 .15000E+01 .7S000E+00 . QOKE+00 - SESILEH00 #

-C' 17 500006400 .00000E+00 . 0000CE+00 -, 13876E-16

- 18 . TSO00E+00 . OG000E+00 , 0GOCOE+00 -, 25562E-15
19 . 10000E+01 .000COE+00 . 00000E+00 .69389E-16
20 .1Z500E+01 . OO000E+00 , 000COE+00 . 10714€-15

21 . 1S000E+01 .00CO0E+)0 ,QQUOOE+00 - LSTECEHOO *

END OF PROBLEM, 314 UTILIZED REAL WORDS OVER 20000
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Concrete elliptical arch in plane stress, for :

comparison with the results of Dhatt and Touzot. a

EIGEN VALUE PROBLEM

0.5m 10 tons
} _gb 5 8 R(s 13 15 18 20 23 _
17 (4) L22
£ = 0.2x107 tons/m° 21 :
3m 16 19

v = 0.3 ﬁ ;

thickness = Im 24\ (9) g25

sp. wt. 2.3 tons/m3 ,/
26127128 / :
—— 3

0.5m

The loads consist of the distributed dead

weight, and the concentrated force of 10 E
tons at node 3. k

e

o2~
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IMAGE OF DATA CARDS

roE M3
G. TOUZOT, 6.DRATT
MODIFIED BY

REME £. RUESCH

CARD
NUMBER

COLUMN NUMBER
1 2 3 8 3 6 7 &
12345678301234567830123456769012345678301 2345673501 2345678301 2345678301 23456759C

o N e W

comt

SAMPLE PROBLEM 7O COMPARE THE RESULTS OF YEF ON THE IBM °C
WITH THOSE OF THE AUTHORS, DHATT AND TOUICT

COOR
8 & 2
3 0.00 3.50 =X] 8.50 3.56 2
b 0.75 3.30 20 .75 3.50 <

2 0.00 3.25
7 L. 3.20
12 3.5 e.97
17 3.00 2.38
19 3.75 1.70
t 0.00 3.00
4 0.75 2.9
6 1.50 2.90
9 2.50 .73
1 3.0 2. 44
14 4.25 2. 12
16 5.00 1.66
24 5.7 0.86
26 6.00 0.00
a7 6.25 0.00
8 6.30 0.00
25 6.50 0.87
el 6.50 i.79

CARD
NUMBER

12345678901234567890123456782012345673901 2245678301 2345678901 234557890 23456783C
! 2 3 4 5 6 7 g
COLUMN NUMBER
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COLUMN NU®BZS
CARD 1 e 3 4 S 5 7 g
NUMBER 12345678%01234567830123436783012345676901 2345678901 2343678301 234557490 1234567550
28 2 6.30 g.62
29 -1
30 COND
31 1
X 2% 27 o8
33 10
A t ¢ 3 & 2 & &3
35 0000000000
3% PREL
37 1 4
38 { 2.0e6 0.3 0.0 2.
39 -1
&0 ELEM
4} 5 8 2 1 0
42 1 4 5 0 1t o t 4 6 7 8 5 g
43 3 1 0 0 LI 0 2 27 &8 25 28 9 16 24
44 -1
45 soLc
4 { 0.00  -10.00
47 3
48 -1
49 SOLR
0 VALP
3t 3 20 0,001 0.0 3 0 1.0-12
52 sTOP
CARD 123456789012345678901 2345678901 2345678501 234567890: 2345678301 2345678201 234587 550
NUMBER 1 e 3 4 g 6 7 a4
COLUMN NUMBEXR
END OF DATA

COMMENTS

ELASTIC ANALYSIS OF AN ELLIPTIC HALF BRIDGE RRCH IN PLANE STRESS

SAMPLE PROBLEM TO COMPARE THE RESULTS OF MEF ON THE [BM PC
WITH THOSE OF THE AUTHORS, DHATT AND TOUZOT

INPUT OF NODES (M= 0)
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MAX. NUMBER OF nCOES

(NNT)= 28

« 10000E+01

L 0000 +00

+ DOOO0E+GO

» 00000E+00

MAX. NUMEER OF D.C.F. “ER NODE (NDLN)= - 2
DIMENSIONS C= THE PROBLEM INDiMY= ¢
COORDINATE SCALE FACTERS (FAC)= . 100QCE+01
WORKSPACE IN REAL WORDS (NVR) = cCo00
INBUT OF BOUNDARY CONDITIONS (M= 0)
BOUNDARY CONDITICNS CARDS
1111100000000 . COOOOEFOG . 00000E+00 , OD00CE+0Q  , CLONOE+0G
W % 27 &8 0 o0 0 0o ¢ o O (
}¥7)) 1000000000 . 0000CE+() , GO0U0E+0 |, QUGHOE+CG . DO00GEHI0
i ! 2 3 25 2aA 2 23 0 0 0 0
13131 0000000000 . 00000E+00 . O0G00E+00 . 00000E+00 . GOOO0Z+00
TOTAL NUMBER OF NODES INT)= 28
TOTAL NUMBER OF D.0O.F. (NDLT)= 56
NUMBER OF EQUATIONS TO BE SOLVED (NEG)= 43
NUMBER OF PRESCRIBED NON 1ERO D.O.F. (NCLRD)= 0
MUMBER OF PRESCRIBED ZERQ D.G.F. (NCLZ)= 13
TOTAL NUMBER OF PRESCRIBED D.O.F. INCLTY= 13
NODAL COORDINATES ARRAY
N0 D.L. X Y 4 EJUATION NUMEER
{ 2 .00000E+00 .30000E+01 .00000E+00 -1 {
2 2 .00000E+00 .,32500E+01 .0GO00E+00 -8 2
3 2 .00000E+00 .3S000E+01 .Q00C0E+(C -3 3
4 2 .TS000E+00 .23B00E+01 . 000O0E+00 4 S
3 2 .75000E+00 .3S000E+01 .Q000CE+0G & 7
6 2 .15000E+01 .29000E+01 ., 00000z+00 8 3
7 2 .15000E#01 ,32000E401 .0COQCE+00 (UNE
8 2 .16250E+01 .35000E+01 .00000E+00 2 13
3 2 .25000E+01 ,27300E+01 . 00000E+00 14 el
10 2 .28167c+01 . 35000E+01 . 0QOQOE+O0 H- I Y
11 2 .35000E+01 .24400E+01 ,00000E+00 18 19
12 2 .350008+01 ,23700E+01 . Q0CGOOE+00 20 A
13 2 .32500E+0! .3S000E+01 . OOOOQE+00) ee 23
14 2 425008401 .21200E+01 ,00000E+00 24 28
15 2 .40B33E+01 .35000E+01 .00000E+00 K-y
16 2 .50000E+0} . 16B0CE+D! ., OOCOOEHC 28 &3

PO DA PNy U S
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L GOOGOZ+G0

. 10000E+J1

0 3 g 3
L GOCQOZ+00

(NEQ)




17 2 .S50000E+0i .2IB00E+(! . 00000E+(Y
18 2 ,48750E+01 |, 3SOGCE+0L , GOGONE+(0
13 2 .57300E+01 .17000E+01 .GOGOOE+0(
20 2 ,97300E+01 |, 35000E+01 . 000GNE+00
21 2 .6S000E+01 .17300E+0: .00000E+))
&2 2 .6S000E+01 . 26200E+01 , 00000E+00
23 2 .65000E+01 .33000E+0i . GOOOOE+QU
24 2 .S7500E+0! . BBCOOE+00 . 00000E+00
25 2 .65000E+01 .B7000E+(0 ,000COE+O0
26 2 .6000CE+0L L O00GOE+IG |, 0000400
27 2 .6¢500E401 . 0Q000E+Q0 , DOOQOE+QD
28 2 .65000E+01 . O00COOE+00 , 00G00=400

INPUT OF ELEMENT PROPERTIES (M= 0)

NUMBER OF GROUPS OF PROPERTIES
NUMBER GF PROPERTIES PER GRGLP

CARDS OF ELEMENT PROPERTIES

« 30000400, QOQVOEH
. QO000E+00

NN 1
12022

. 20000E+Q7
. 00000E+00 . 00CO0E~00

INPUT OF ELEMENTS (M= 0)
MAX. NUMBER OF ELEMENTS
MAX. NUMBER COF NODES PER ELEMENT
DEFAULT ELEMENT TYPE

INDEX FOR NON SYMMETRIC OROEL:IY
INDEX FOR IDENTICAL ELEMENTS

ELEMENT:
CONNECTIVITY (NE) i 4 [}
ELEMENT: 2 TYPE: 2 N.P.: 8 D.O.F.:
CONNECTIVITY (NE) 6 3 1
Ei EMENT: 3 TYPE: 2 N.P.: 8 D.0.F.:
CONNECTIVITY (NE) 11 14 16
ELEMENT: 4 TYPE: 2 N.P.: 8 D.0.F,:
CONNECTIVITY (NE) 16 19 21
ELEMENT: 5 TYPE: 2 N.P.: 8 D.O.F.:
CONNECTIVITY (NE) 26 27 28

MEAN BAND HEIGHT=
LENGTH OF R TRIANGLE IN Kb
NUMBER OF INTEGRATION POINTS

> PO G S ~ 0 g o -

1 TYPE: 2 N.P.: 8 D.C.F.:

{NGPE) =
(NPRE) =

L 23000E+01
. 00000E+(0

(NELT)=
(NNEL)=
(NTPE) =
(NGRE) =
(NSYM) =
(NIDENT)=

16 N. PROP:
! 18
16 N. PROP:
2 23
16 N. PROP:

s 2t

9.1 BAXIMUM= {3

(NKB) =
(NPB) =
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1
4

13

18
0 EL. PRDO:
16

353

4

3

3i
23
K
37
38
39
4G
4¢
43

-
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BROP:

4

e
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CR{ITE Y

BROUR: ¢
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INPUT OF CONCENTRADED LORDS (M= 0)

CARDS OF NODAL LORDS

N 1 O0000E400 -, 10000E+02

———r Lot Jund  and
S el Sl N e Y -

nwyy 3 0 o0 o ¢ ¢ 0 9o 0o 0O o ¢ ¢ 0
Y -1 00000E+00 . 00QOCE+00
ASSEMBLING OF DISTRIBUTED LOADS (M= ()
SUBSPHCE [TERRTION (M= Q)
NUBEER OF DESIRCD EIGENVALLES (NVARLD) = 3
MAX., NUMBER J° [TTRATIONS PERMITTED (NITER)= 20

INDEX FOR DIRGOVAL MATRIX

(NMDIAG) = 0

CONVERGENCE TOLERANCE ON EIBENVALUES (EPSLB)= . 100GOE-0C

SHIFT (BHIFT)I=  , 0Q0OGE+00
SUBSPACE DIMENSION (NEB)= c
MAX. NUMBER OF ITSRATION IN JACLBI (NSwi) = 2
CONVERGENCE TOLERANCE IN JACOBI (TOLJARC =, 10000E-.L

ITERATION ! MAX, ERROR= .5E+06 EXACT EIGENVALLES: O
ITERATION 2 MAX. ERROR= . 4E+00 EXACT EIGENVALUES: O
ITERATION 3 MAX. ERROR= .1E-O1 EXACT EIGENVALUES: 3

.« . . CONVERGENCE IN 4 ITERATIONS

EIGENVALUE NO. 1 = .5615cE+04

EIGENVECTOR:

NODES X vy I DEGREES OF FRECDOM (¢ = PRESCRIBED)
1 00000E+00 . 30000E+01 , O000OE+0D LO000CE+00 # . BBE3TIE+GC
¢ .00000E+00 . 32S00E+01 . 00000E+(0 « QOOGGE+QO » LBBLITZE+0
3 .00000E+00 .3S000E+01 , 00COOE+00 L000Q0E+00 &, 63B6TZ+00
4, TSO00E+00 . 23800E+01 . 00000Z+00 -, 13930€-01 . BOTBEC +(0
5 .75000E+00 .3S000E+01 ., 000OOE+)0 . 4505.E-01 LBULTOE+GO
6 . 1S000E+01 . 230G0E+01 . GOOOGE+(0 -, 402178-01 L 631475400
7 190006401 . 32000401 , 0CQO0E+C0 . 18612E-01 . 47830E+00
8 . 16250E+01 . 35000E+01 . JOOOOE+00 . 7852601 L453975+00
9 .25000E+01 .27300€+01 . 00000E+Q0 - 43577E-0L CCBATLEHOC
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10 .24167+01
tr . 330006+01
12 . 350Q0E+0!
13 . 32500E+01
14, 42500e+01
15 . 40833E+01

16 . S0000E+01
17 . S0000E+01
18 . 48730e+01
19 . S57500€+01

20 5TS00E+01

21 .63000E+01

2. 6I0WEF)L

23 . 63000E+0!
24 . ST500E+0!
25 L 63000E+0L
¢h  .H0000E+(!
27 . 62500E+)]

&8 . 63000E+01

EIGENVALUE NO. 2 = ,378BBE#)S
EISENVECTOR:
NODES X ¥ z DEGREES OF FREEDOM (# = PRZSCRIEZD)
1 .00000E+00 . 30000E+01 . 0Q0000E+00 L00000E+00 * -, 435572+00
2 L 00000E+00 . 32300E+01 , 00000E+QQ L00008+00 ¢ -, 433472+(0
3 .00000E+00 . 35000E+01 . 0Q0OCE+00 L0000CE+00 # -, 43308E+(0
4 L 75000E+00 . 29800E+01 ., 0OOOQE+Q0 . T3478E-01 - J0BORE+CO
S L75000E+00 . 3S000E+01 . 00000E+CY -, B6582E-01 -, 3GT2BE~CO
6 . 15000E+01 . 290005+01 . 00000E+00 . 125688 +0h -.503:10-0¢
7 L1000E+01 L 32000E+01 , OCQOOOE+Q0 L 197338-0! - &3091E-01
8 . 16250E+01 ,35000E+01 . O000UE+QD -, 337128-01 - S0e3[I-08
9 .25000E+01 ,27300E+01 .0Q000E+00 L 103018+00 L ESZLBE+GD
10 .24167E+01 . 35000E+01 . GOOUOE+GO -, 36835E-01 237038400
11 . 35000E+01 . 24400E+01 . 0OCOOE+00 L43612E-01 L3LSTEEHD
12 .35000E+01 .23700E+01 . OOUOOE+00 < 33209E-01 . 32355E+00
13 . 32500E+01 . 35000E+01 . OOOUCE+30 . 32536E-0) L JIEETE+OD
14 L 42900E+01 L 21200E+01 ., 000Q0E+00 . 34873E-0¢ CETEOTE00
1S .40B33E+01 ,35000E+01 . 00GOOE+(0 . TABR3E-01 LEFRTLEHCO
16 .350000E+01 , 16600E+01 . DO0OOE+00 -, L2BB2E-0 L 20050E+00
17 .3500006+01 . 25800E+01 . 0000CE+00 . 2ZB06E-91 LZLGUTEH00
18 487508401 L 35000E+01 , 0GOOCE+00 . 77638E-01 L CEELBE+00
19 .S7S00E+0L L 17000E+01 . QOOQOE+00 -, 23282802 L LACO5E+GT
20 .S7D00E+01 L 3S000E+01 |, 000Q0E+00 L 402325-01 LAT4732+00
21 .65000E+01 . 17S00E+0]1 . 00000E+)0 L QOU00E +0C # CLLSERECO
2 .BS000E+01  , E6cOOE+0T |, QOOOOE+O0 L D0000E+00 # AT 00
23 .BS000E+0L . 35000E+01 |, 000OOE+) L 00QCE+00 + L 1S43BE+00
24 .STI00E+01 . BBOOOE+(0 |, QONOGE+00) . 1S066E-02 + 103362400
25 .BS000E+01 L B7DO0E+O0 . 0OO00E+;C L OQUOUDE+Q0 * L7.78EE-01
111

 JSKGE+0L
L 24AQ0E+QL
297005 +01
. 33000E+01
L2 12008+01
« SHOOOE0!
. 1BBO0E+0!
. Z3800€+01
« 35000E+01
. 1TO00E+01
. 35000E+01
. 1T300E+01
. 2B200E+01
. 35000£+01
. 8600CE+00
. 8700CE+00
. COO00E+00
. 00000E+00
. 00000E+20

. 00002+ 00
. QOGOUE+(0
. DQOO0E+00
. COGOOE+00
. COGOVE+GO
 VO0GOE+00
« QOOOOE+0Q
« 00GOOE+00
. GO000E+00
» DGOOGE+00
. 00UOCE+00
. QOOOOE+00
. 00000E+00
. Q0O00E+00
. 00000E+00
« QOQOOE+00
. COOO0E+00
, 000002 +00

L 8U2342~01

L43359E-0!

-,

. TES41Z-02

. 687362-01

L SE306E-01
. 48682E-01

L 175485-01

L 50562802

. £3860E-01
L781S7-02
. 145335-01
. 000COE+0C »
+ GOOOOE+00
. Q00GGEC0
. 13224E-02
. Q00OCE+O)
L GOOOQE+00
 GOCQUE+((
L SOG00E+00

E

[ SN
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A v
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W0CE 00

S e

ROBOE

G NS el

SO0 el

L 1BRITE-DL

. 33842800

. 18033- &
L7288

LS

L 3303ZE-C1

L AB092E-)1
LI0GAE-0]

1

W R

7840£3 -3

JTRT07E-01

73593

i
85526201
838

30639801

26+
LOtaBIe0

HOSE!

0

m

.
LOLeEE+CD
LOZEEE+N)
114335+00
LLIBAZ40
LLZa0E-00
L13EAZ 400
LLASFEH0

12T 0aT e

127045+

A0LAZ o)
133492+00

2800
3349z e00)
IR

TOHE )

¢ b

v

- o




LJGO00E 00 #

L GOATT +0
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o CONNECTIVITY (AE) 9 l5 e
TEvaNTr el TYEI 12N, PROP: 0 EL. 9337 3 GRCL™:
SOAEITIVITY N 129 125 i
TUIYINTT ae TVERT 2 N. IRIP: 0 gL, SROF: 3 GRELP:
SOATTIVITY M) 139 135 134
IUIVENT: T THRT Sioi2 N PROP: Ot FR0P: 3 5ROULT:
-'fk TTY 'NZ) 183 (48 (B3 143 14T (44
= TR 3 WP € DLOF. LB NG 29RO OELL PR0Rr 3 GROUA:
oo "'IZITY INT) U530 1SB E3 153 135 LG4
SUIMENT 63 TYEID 3w B DLDVFLs lE NG BRCEr 0 T, 23R4I I OGROUE:
SOWEETIVITY INE) S 3 3 4 15 w0
TOIMENT: I0OTYIE: I A.3,: 5 DLOF.r L2 A, AR0S: O =i, DRCP: 3 GROUA:
COMNETTIVITY NEY 1§ 1% 23 2 A
IUIYENT: SDUTYITD 3N B DVDLRLr 12N, PROPr O EL. RGP 3 GROUS:
DeNZITIVITY NEY 35 280 33 4 35 30
SR T2 TYOI Db B DAL 12, PEOD: TL. PROP: 3 BROLE:
'“\\"°’”'TY INEY 35 33 a3 44 43 &0
TUIWENT; SIOTYRZ: I N, A B DLGOFLe i N, PRD3: O EL. PROVr 3 GROUP:
COWAECTIVITY NE) 45 43 £33 54 58 50
T_IMENT: Te TYLI: 3 NLOs b DJTOFLr (20N, PROS: 0 el PRO3r 3 GROUD:
COCESTIVITY INZ) 55 53 83 64 B3 6O
TLIYENT: B OTVER £ D.0.F.: 12 N, PR O EL. PRIP: 3 GROUS:
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)
146 2 LA3S00E+02 |, GO000Z+ W), HO0NIT +il 30 e:
147 2 LA3S00E+02 ., 3Q000ED. |, D0COCEew FED lia
o 148 2 .43500E+02 . BOOOOE40Y | QUGOOE+CC 135 86
) 143 2 L43500E+02 .F00C00E+0L ., 0UOQUE 0 87 A
150 2 L 435005+02 . 12000E+02 , 00QOUE +(0 &Iy A0
190 2 450006402 ,000CCE+00 , O0O00E+GT 5. e
15¢ 2 JAS000E+02 |, J0000E+01 . 0OCOCE+00 X
153 2 450002 LROCOOE+01 . QO0OCE+10 2595 X5
i 154 2 L45000E+02 .30000E+01 , OQO0CE+(0 237 298
155 2 .45000E+02 . i2000E+02 . GOOOCE+00 99 300
156 2 46500E+02 . Q0O00OE+QQ |, QOGOOE+(Q 301 302
157 2 J46S00E+02 . 30000E+01 ., 0DO0O0E+00 03 304
158 2 .46500E+02 .BOO0CE+)L . QOGOOE+00 305 306
159 2 .46500E+02 .90000E+01 . OOQUQE+00 307 308
! 160 2 L4600E+0Z . 12000E+08 ., OUOOOE+00 309 310
161 2 .4B8000E+02 .O0CGOOVE+00 . 00000E+00 L 32
162 2 ,4B000S+0Z , 30000E+01 , 00COOE+G0 313 314
163 2 L4BOQOE+0R .BOCOOE+0L . 0OOQOE+)0 RFTH
164 2 .4BOCOE+0Z .900C0E+01 , GOGOOE+CO 317 318
165 2 . 4B00OE+0Z . 120Q0E+02 . 0000QE+00 319 320
]
INPUT OF ELEMENT PROPERTIES (M= ()
NUYBER OF GROUPS OF PROPERTIES  (NGRE)= |
_ NLMBER OF PROPERTIZS PER GROUP  (NPRE)= 3
CARDS OF ELEMENT PROPERTIES
M 1 . 30000E+05 . 25000E+00 ,00000E+00
MY 0 JOCO00E+00 . 000GOE+00  , SOOQCE+(0
D
INPUT OF ELEMENTS (M= 0)

PUNPSP .

MAX. NUMBZR COF ELEMENTS

MAX. NUMBER OF NODES PER ELEMENT
DEFALLT ELEMENT TYPE

NUMBER OF GROUSS OF ELZMENTS
INDEX FOR NON SYMMETRIC 3R0BLEM
INDEX FOR IDENTICAL CLEYENTS

ELEMENT: 1 TYIE: 3 NP0 5 5.0.5, 0 12N, oWer O EL, TY03: 3 GRGUP: !
CONNEZTIVITY (\D) : & oz 37
ELEMENT: 2 TY0Zy TN & OLGLFL 2 N PROP: 2 oZL, TROZ: 3 BROGA:
CONNITTIVITY NE: i 6 ol 2 3 7
TEMINT: 3 TVT T3,y 6 GLClFas 12w TR0 0 OEL, RO T GREUD
CONKEZTIVITY (Ng 20 3B : KK I
TEMINT: o Te3Er 3N 500 DLI.FLr 2 N ORGP O OEL, RO 3 GROUP:
CONNEDTTVITY INEY G KL S - X S ¥
120
s 2 R PO ST PP T

(NeLT) = B4
(ANEL) = &
{NTPE) = 3
(NGRE} = i
(NGYM) = 0
(NIDENT) = 0
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. 95 2 .27000E+02 . 1Z000E+2 .0000CE+D0 173 80 KX

% 2 .28500E402 .0CQU0E+00 . GOCCOE+00 131 182 -

[ | 97 2 .28500E402 .30000E+01 . GOOOUE+00 163 184 '.
3\ 2 285006402 .BOOGOE+O1 . 000D0E+00 85 186

99 2 .28500E402 .J000CE+01 . O0G00CE+0C 167 186 i

100 2 285006402 . 1Z000E+02 . QO0OOE+00 189 190 4
101 2 .30000E+02 .0000CE+00 . O000CE+GC 190 15¢

102 2 300006402 . 30000E+0 . GOOCOE+00 93 1% j

ﬁ 103 2 .30000E402 .BOCOCE+01 . OO0OCE+00 195 196 ;

. 104 2 .30000E+02 .F000CE+01 . (OOO0E+00 ‘37 198 3

105 2 .30000E402 .12000E+C2 .00000E+00 193 200 E

- 106 @ 315006402 .(Q000E+00 . OOGOOE+00 01 08 !

3 107 2 .31500E402 .30000E+01 .OOQO0E+(0 203 204 :
. 108 2 .31500E+02 .6OOCOE+01 . OO00GE+00 05 206
’. 109 2 .31500E¢02 .30000E+01 . GOOOCEO0 07 208
g 110 2 315006402 . 12000E+02 . (0OOOE+00 W09 210
111 2 .33000E402 .00000E+00 . 00000S+00 sy &z
112 2 .33000E402 .30000E+01 .OGOOOE+00 213 216
} 113 2 .33000E+02 .GOCOOE+01 .00000E+00 215 216
. 1A 2 .33000E+02 .F0000E+0! . 0GOQOE+(0 27 218
'« 115 2 .33000E402 .12000E+02 . O00OCE#:) 219 220
g 116 2 .34500E402 .OO0C0E+00 . O0OGOE+(0 2y g
117 2 .345006+02 .30000E+01 .0000OE+00 23 b
g 118 2 .34500E402 .GOOOOE+01 . OOOGOEHXN 15 2%
. 119 2 .34500E+402 .90000E+01 . OOGOOE400 sz 228
g 120 2@ .3AS00E402 . 1Z000E+02 . GOOGOE+G0 IR )
{“‘ 121 2 .36000E402 .0O00CE+0 . 00000E+00 @31 e
| 122 2 .36000E+02 .30000E+01 .00GOOE+00 233 234
» 123 2 .36000E+02 .GOOOCE+01 . CO000E+00 238 236
{ 124 2 .26000E+02 .30000E+01 . OCOOOE+GO 37 e
; 125 2 .36000E402 .12070E+02 . 0OGOOE+00 239 240
' 126 2 .37S00E+402 .00000E+00 . CGOG00E+00 a4l ae
t. 127 2 ,37500E+02 .30000E+01 .00000E+00 43 a4
= 128 2 .37500E402 .GOOOE+01 . 00GOOE+00 5 246
- 129 2 .37S00E+02 .90000E+01 . O000CE+D0 7 8
' 130 2 ,37S00E+02 .12000E+402 .GOGOOE+00 %3 250
131 2 .39000E+02 .0000'EX00 . 0OOOCE+00 TR Y
) 132 2 .3B000E+02 . 30000E+01 . OOGOOE+00 653 e
e 133 2 L 39000E+02 . BOOOOE+OL . O0O0OE K0 5 5
o 130 2 .39000E402 .F0000E+0! . OO0GOE+00 57 258
135 2 .39000E402 . 12000E+02 . OOOO0E+00 9 20

136 2 ,40500E+02 .00000E+00 . GOGOOE~00 Bl 262 ]

137 2 405006402 .30000E+0! .0000CE+00 B3 b ‘

138 & 405006402 .BOGOOE+0! . O0COGE+00 S 66 ]

P 139 2 L 40500E+02 .90000E+0 . CO000E+00 €7 268 :

: 140 2 405006402 . 20006402 .00000E+00 %3 270 ﬂ

141 2 420006402 .00COGE+00 . 0000CE+00 o 2 1

142 2 . 42000€402 .30000E+01 .00000E~00 73 )

, 143 2 420006402 .BOCOOE+0! . 00000E+00 TS 1

- 144 2 420006402 .0000E+01 . OOOOOE+00 77 78 ]

e 145 2 420006402 . 1E000E+0 . 00COE +00 275 280 ‘
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. 12000E+02
. 12000E+02
. 13500E+02
1 3500E+02
« 13500E+02
« 13500E+02
. 13500E+02
. 15000E+02
+ 1S000E+02
« 15000E+02
« 15000E+02
. 15000E+02
. 16500E+02
. 16500E+02
« 16500E+02
. 16500E+02
+ 16300E+02
. 18000E+02
. 18000E+02
. 18000E+02
. 18000E+02
. 18000E+02
. 13500E+02
. 13500E+02
. 13500€+02
. 19500E+02
. 19500£+02
. 21000E+02
. 21000E+02
. 21000E+02
. 21000E+02
. 21000E+02
« 22500E+02
. 22500E+02
. 2200E+02
. 22500E+02
« 22500E+02
. 24000E+02
« C4000E+02
« 24000E+02
. 24000E +02
. 24000E+02
. 25500E+02
. 25500E+02
. 29500E+02
. 29500E+02
. 25500E +02
. 27000E+02
. 27000E+02
. 27000E+02
. 27000E+02

< J0000E+01
. 12000E+02
. 00000E+00
. 30000E+01
« 60000E+01
.+ 300006 +0¢
. 12000E+02
« 0GOOGE+00
« 30000E+01
. 60000E+01
. J0000E+01
« 12000E+02
« 00000E+00
. 30000E+01
. BOOOOE+01
. 50000E+0!
. 12000€E+02
. 0000CE+00
. 30000E+01
. HO0O0E+0!
« 30000E+01
. 12000E+02
« 00000E+00
. 30000E+01
« BOOOOE+01
« 30000E+01
. 12000E+02
. 00000E+0Q
« 30000E+01
. 60000E+01
» JO000E+01
. 12000E+(2
. 00000E+00
. 30000E+01
. BO0C0E+01
« 30000E+01
. 120008402
« 00000E+00
« 30000E+01
. BOOOOE+01
. 90000€+01
. 12000E+02
« 00000E+00
+ 30000E+01
. 60000E+01
. 30000E+01
. 12000€ +02
. 00000E+00
« J0000E+01
. BOOQOE+0L
+ 30000E+01

L 00000z +G0
« GOO0OE+CO
« 0COQIE+G0
« 0000CE+(0
. 000062 +00
. 00COQE+00
< 000002440
. 0000CE+00
« 0O0QUE+0H
. 00000E+00
+ 00000 +00
+ 00000E+00
« 0000QE+00
. 00000E+00
. 00000E+00
« 00000E+00
. 000002+00
+ 00000E+00
< 00000E+00
. 0000CE+00
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+ 00000E+00
. 00000E+00
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. 000002+00
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« 00000E+00
. 00000E+00
» 00000E+00
. 000005 +00
« (0000E+00
. 00000E+00
« 00000E+00
- 0UO00E+00
. 00000E+00
. 00000E+00

118

-~
-~

R 0 ~d

om

=S N Gy e Y

W g D D W @
W g oree @

-
<
—

103
103
167
109
tH
113
115
17
1:5
et
123

oro
o
W 3

-

N SR
Gy L Y
-

C ke
) Cd
-~

—
£ G
—

143
143
147
149
15!
153

]
7
159
N-H
163
163
67
163
171
173
175
i

78

30

b4
86
&3

92
94
%

100
102
104
106
108
110

12
i

{14
116
1:8
120
12z
124
1ed
128
130
13
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
17z
174
176
178




S e e T N Hal Al B A v'-*.'dv4'”."v"
P.
@
TOTAL NUMEER OF #3=5CRIBSD D.0.°. (NCLT)= L0
(4
{ NODAL COORDINATES ARRAY
; N0 DL, I y 1 ZGUATION NUMEZR INED)
% 12 .00000E+00 .00000E+00 . 0O00OE+00 - -
; 2 2 .00000E+00 .30000E+01 . 0O0CGOE+00 -3 -4
o 32 .00000E+00 .BOO0OE+0! . 0000UE+0 5 -6
4 2 .00000E+00 .30000E+01 . OGOOCE+X0 -7 -8
o 5 2 .00000E+00 . 12000E+02 .00000E+00 -3 =10
6 2 .1S000E+01 .00CO0E+00 . Q00COE+)Q : 2
r! 7 2 150006401 .30000E+0! .0000CE+00 30 4
\ 8 2 150006401 .B0000E+01 .00000Z+00 5 S
S 9 2 .15000E401 .90000E+01 .00GOCE+0 7 3
: 10 2 150006401 . 12000E+02 . OOGQOE+00 3 10
{ 11 2 .30000E+01 ,00000E+00 . OGO0OE+00 1 z
[ 12 2 .30000E+01 .30000E+01 .O0Q0OCE+00 13 14
o 13 2 .30000E+01 .BO00OE+01 . 0OOGCE+(0 15 16
! 14 2 ,30000E+01 .30000E+01 .OQGOOE+00 17 18
i 15 2 .300006+01 .12000E+402 .00000E+)0 19 20
' 16 2 .45000E+01 .0COGOE+00 . OQOGOE+(0 -
o 17 2 .450006+01 .30000E+01 .000COE+00 a3 2
. 18 2 .45000E+01 .6OO00E+01 . OGO00E+00 B’ %
:ﬂ 19 2 .45000E401 .30000E+01 .O0000CE+00 a7 B
20 2 450006401 .12000E+02 .00000E+00 =
‘ 21 2 .BOOOOE+0l .0O0OOE+00 . 0OGOOE+00 3 z
2 2 .60000E+01 .30000E+01 . OO00GE+CO 3 3
23 2 .60000E+01 .EGOOOE+01 . 00000E+00 Ik
26 2 .BO000E+01 ,90000E+01 . GO00OE+00 7 038
235 2 .GOOOCE+01 120006402 .00000E+0) 3 40
% 2 .T5000E+01 ,OCOO0E+00 . 0OCO0E+00 41 42
a7 2 .TSO00E+01 .30000E+01 .00000E+00 43 b4
B 2 .TS000E+01 ,6O000E+01 . 00000E+00 45 46
@3 2 .75000E+01 .30000E+01 ,00000E+)0 47 48
0 2 .TS000E+01 ., 12000E+02 . 000005+00 43 50
° 31 2 .90000E+01 .00G00E+00 . 00000E+00 51 z
- 2 2 .0000E+01 .30000E+01 ,00C0GE+00 53 54
] 33 2 .30000E+0! .BOGOOE+01 . 00000E+00 55 9%
1 32 .90000E+01 .90000E+0L . OO00CE+00 57 S
3’ 2 .90000E+01 . 12000E+0Z . 00000E+00 5 £
1 3% 2 .10500E+02 .O00000E+00 . 00000E+00 6l 62
‘ ° 37 2 .10500E+02 ,30000E+01 .O00000E+00 63 b4
g 3B 2 105006402 .BOOCOE+01 ,Q0COOE+00 65 66
L 33 2 105006402 .30000E+01 .00000E+00 67 8
- 80 2 105006402 .12000E+02 .000005+00 69 70
41 2 120006402 .00000E+00 .00000E+00 7 2
62 2 120006402 .30000E+01 . 00GOOE+00 BT
° 43 2 12000402 .60000E+01 .00000E+00 = 76
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32 163,

3 0

34 LINM

B t

36 STee
CARD 123456789012345678301 2345678301 234567890 2345678901 236567830 23458 75561 22620730
NUMEER { ¢ 3 4 3 5 7 5

COLUMN NUABER

CANTILEAVERED BEAM 12 X 48 X 1 (INCHES)

& NODED TRIANGUALAR ELEMENTS (ELEMO2)

b4 ELEMENTS

FOR COMPARISIN WiTH THE RESULTS OF CARLOS A. FELIPPA

INPUT OF NODES (M= 0)

WX, NUMEER CF NGDES (NNT)= 165
MAX. NUMEER OF D.0.F. PER NODE (NDLN)= &
DIMENSIONS OF THE DROBLEM (NDIM= 2
COORDINATE SCALE FACTORS (FED)= . :10000E+01 . 1000CE+0L . LOOOCE)S
WORKSPACE IN REAL WORDS {(\VA) = 20006
INPUT OF BOUNDARY CONDITIONS (M= 0)
)
r BOUNDRRY CONDITIONS CARDS
Y1) 1100000000 . 000005+00 . O0000E+00 . 00000E+00 . GOOO0E+00 , 0000E+00 L COODGE+00 L 0h LiZei
N 1 2 3 4 5 0 0 0 6 0 0 0 0 I 9 =
* 1111 ) 0000000000 . 00000E+00 . 00000E+00 . D0000Z+00 . 00000Z+00 ., 00000E+00 . GOOCOE+U0  , Sia(iT e
)
|
TOTAL NUMBER GF NODES INNT)= 165
TOTAL NUMBER OF D.O.F. (NDLT)= 330
q NUMBER OF EQUATIONS TO BE SOLVED (NEQ)= 320
NUMBER OF PRESCRIBED NON IZRC D.D.7. (NCLINZ) = 0
° WUMBER OF PRESCRIBED ZE%0 D.O.F. INLD = 10
3
- 116
!
)
4
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b -

o F.EM 3.
T 8. TOUZOT, G.DHATT
= MODIFIED EY

REHE £. RUESCH

IMAGE OF DATA CARDS

COCUMN NUMBER

CARD : Z 3 4 5 [ 7 g
NUMBER 123456783G1234567830123456789012345678901 234567830 2345678901 2545678%01 23435747

{ COMT

2 CANTILERVERED BEAM 12 X 48 X | (INCHZS)

3 6 NODED TRIANGUALAR ELEMENTS (ELEMG3)

4 64 ELEMENTS

5 FOR COMPARISON WITH ThE RESILTS GF CARLOS A. FELir?

6

1 COOR

8 163 2 4

9 i 0.0 0.0 0.0 161 48.0 0.C 0.0 5

10 0.0 3.0 0.0 162 48,0 3.0 0.¢ <

it 3 0.0 8.0 0.0 183 48,0 6.0 .0 3

12 4 0.0 9.0 0.0 164 48,0 3,0 4,0 S

13 5 0.0 12,0 0.0 165 48,0 12.0 0.0 )

14 0

15 COND

16 11

17 142, 3,4,5,0

18 0

19 PREL

20 { 3

a1 1,30, 0E03,0.25,0.0,

22 0

23 ELeEM

24 64 6 3

& t 16 10 3 t { i 6 It g 13 7 0

26 17 16 10 3 1 i { 7 13 8 3 2 {

27 3 6 0 3 t ¢ 3 8 13 9 5 & 0

28 49 16 10 3 { i S 9 3 14 195 10 Q

29 0

30 SoLC

31 1,0.0,-40.0,0.0

115 J
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The following table of results for the cantilevered

beam was obtained by Car]os.A. Felippa.

DEFLHCTION AND NORMAL STRESS
‘ Tip Deflection Jtress g,
Element Mesh S = vC at X=9",Y=6"
CST A-1 0.30556 51.225
A=-2 0.34188 57.342
LST B-1 0.35506 59.145
B-2 0.35569 60,024
Beam Theory \
{upper bound for vC) 0.35583 60,000

For comparison, the tip defelections from MEF are the
ones for nodes 161 thru 165. The stresses are the stresses

listed for Gauss Point 3 of elements 51 and 52.

114
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v 26 .60000E+01 . (XO00E+I0 . DOUOOE +00 LO000ES00 # *
. 27 .62500E«0L .00000E+00 . 000GOE+0C LOO0CIE+G # .
;‘ 28 .6S000E+01 .0CO00E+00 , DOO0OE+Q0 LOG000E +00 # N
EIGENVALUE NO. 3= . 10014E+06
EIGENVECTOR:
NODES X v Z DEGREZS 0F ZRESDOM (# = GRZICFTIID)
1 .00000E+00 , 30000E+01 . 00000E+(0 LGOOO0E+0C ¥ -, 411EBE+00
A "2 LO0000E+00 325005401 . 00000E+00 JO0000E+00 # -, 4Z5F4E+00
¢ 3 .00000E+00 .35000E+01 .00000E+00 LO0000E+00 * -, 41BEBE+D
q A L TSO00E+00 . 29800E40! . GOO00E+00 JZSTAEH00 -, 2ERFRE400
5 .7S000E+00 .3S000E+01 . 0OOOOE+00 -. 63262501 - 225412400
r‘ 6 . 15000401 .29000E+01 . 0O000E+00 . A T4B3E+00 L 10SRIEH00
i 7 .15000E+01 .32000E+401 . 00000E+10 .63934E-01 L LTT8EA0
8 .16250E+01 .35000E+01 .00000E+00 -, 335336-01 L $45ELEHC0
{ 9 .25000€+401 27300401 . 0000CE+0 . 8935201 L 3E43TECO
. 10 .28167E+01 . 35000E401 . 00000E+00 . 864 00E-01 L 32398 +00
11 350006401 .24400E+01 .00000E+00 -, 47205E-01 LIZA5LER0
[. 12 .350006+01 29700401 ., QOOOUE+00 . 81544E-01 . 148862400
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L ZBBS4E-03 -, 2TABE-03 -, 372G4E402 -, BBTIIE+(G -, 3293TE+0L -84, 3
-, 373522400 -, 37588E+02 . 1360TE«0E
zA8Y BRMXY 516X SIGY TAUXY e
516t Si6e TRUMSX
L 28973E-03 -, 27B33E-03 -, JASLTE+(Z  ,B3ZBBE-0! -, 334O0E+I] -84,
J3BEIIEHN -, J4B3T7T02 L 1THIOEN2
LA43041E-06 -, 49378503 |, 34433E-02 , 13773E-01 -, S9ZS3E+0L ~45.0
JS933%E+0: -, S9IETEHL L §3253E+0!
L29304E-03 -, cBI0AE-0] -, 3683iE+02 |, (BBSOE+OO -, 337BSEXOL -64,5
LAF4T6E+G0 -, 34B17E+02 L LTRSEENOS
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-.197818-01
STET4EHOL
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SONTRINTES DANS o ELZMENT =M

o6, 1 ¥ z5EK

1L 13500E+02 L 3CO00EHDL -, 37960E-03
2 .i3500E+02 .GO000E+0! . 12890E-i6

3 L 12000E+02 . 30000E+01 -. 97560E-03

CONTRINTES DONS L ELEMENT =
2.6, X ¥

[12]

PSX

t L LBSO0E+0Z . ICUOOE+0! -, 83602E-03

2 L 1BSQUE+0Z L BOOOCE+OL L 13957E-16

3 .15000E+02 . 30000E+01 -.B89602E-03

CONTAINTES DANS L CLEMENT
p.3. X ¥ 295X

n
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1. 03500e+02 L 30000EL0! -, B1253E-03

2 L 13S00E+02 L 60000E+OL . 14105E-16

3 . 1B0GOE+O2 . 30000E+01 -, B81Z63E-03
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1, 22500402, S0000E+0! -, 72929E-03

LZ2S00E+02 L BO00OE+0L L TBI4LE-LT

e

3 L2I000E+02 |, SO000E+0T -, 72529E-03

270372403

. 24677E-03

-. 37887805

. 24B8438-03

-.413156~05

. 20504E-03

-, 42089E-05

. 20640£-03

£pgy

. 18420€E-03

-, 4250E-05

. 1B535E-03

- 281382-03 -, J18BEC+02 L 13977500
L431912+00 -, 3Z23BE+(02

GAMXY SIGX 5i6Y
5I61 SiGe

-, 2B37SE-03 -.29373E+0¢ . 5992iE-0!
488632 +00 -, 297522+02
- 47742E-03 -, 30310E-01 -, 12124E+00
. SB543E+01 -, SB033E+01
-, 2BLISE-03 -.2936CEH0d . 11Z9BE+CO
LA3436EH0 -, 29741E+HE

GRWXY 516X SigY
SI6! Sise

-, 2B414E-03 -, 26BB6E+(2 ,BO!36E-0L
485205400 -, 27291E+(2
-, 47656E-(3 -, 33052E-01 -, 13221E+(0
.563635+01 -, 58013£+01
- 2BI14E-03 -.26B%4c+02 . 1OSITEO
5122400 -, 27270E+02

GAMX Y SI6X SigyY
siel SI&

-, 2BAZ3E-03 -, 24364E+0C L EOLFE-0L
L SETITEHNO -, 26831E+0C
-, 47635E-(13 -, 33671E-01 -. 1346BEHI0
.56323E+01 -, SB00BE+0!
-.28:12E-03 -. 243536402 . 10360E+00
L5603 +H00 -, 248106402

Gamy Sibx Sigy
516! 5162

-, CBAQAE-03 -.2186aE+02 . EOZIE-OL
L S7BRAEH0 -, 22382+
-, 8476318-03 -, 33B0UE-01 -, i350E+00
56314541 -, SBOAEH)!
- 2BII2E-03 -, 21853E+(c . 10322E+00
.603BAEHO0 -, 2259 +02
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“RUMEX

-, 34050E+)1
151038402
- 37399E+01
. 373012401
-, 337435401
15118402

TALXY
TAUMAX

-, 34097£+01
. 138885+02
-, 57T187e+0!1
. 97183E+(!
=, 33736E+01
. 13896E+02

TR
TAUMAX

-, 34107EH!
126732 +02
- 57162E401
L ST168E+01
- 337358401
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. 114858 +02
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CONTRINTES DAND L

P c.

o

X

L 2B300E+02

. SHEO0EHZ

. 27000E~02

f R ;Y GRMXY Sibx
516!

L 3000GC«01 -, 64595803 L, 16337E-03 -, 2BAZSE-(3 -. [FIBAE+(2
B4 185E+00
LBOGOOE+)L  , 17713E~16 -, 42PRT7E-05 -, 47625E-03 -, 338:4E-01
LS6312E+01
L 30000GE+(] =, B453CE-03 |, 15471203 -, 28! {EE-03 -, [F353E+0¢
LB7188E+0)

Y =PSX EPSY BAMYY Sisx

s

L S000CE#)L -, 382R3E-03 . 1425503 -.2B425E~03 -, 1BBBAE+(Z
. 12206E+00
BOOE+DE 12006216 -, 42187E-05 -, 476E5E-03 -, 337459E-01
. 96308+
. J0000E+01 -, 56263E-03 | 143882-03 -, 28113503 -, 16BI3E+02
« TA976E+(0

CONTRINTES DRAS L ELEMENT 27

LB0277E-0: -
-, 159435 +0¢
-, 1352SE+00 -
-, SB00OZE+01

 LOSIBE+QO -
-, 133215+02

516y
SiGe

LBUS45e-0t -
-, 175258+02
- 13500E+00 -
-, 37936404

o 1033E+00 -
-, 175008402

TREXY
TALMGX

 3430FEL0]
G302
L STL55E+01
.S7157201
L 33735500

1023502

Taurt
TaUrEX

34 108E~C L
L2370
L S71S0EH]
LSTISZEH
L 33735E+01
L312472401
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£.G. X ¥ 205X EPSY  * GRMXY 516X 516 XY "I
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N 315005402 L 30000E+0! -, 47934E-03 |, 121 77E-03 -.2B415E-03 ~, [4365E+02 L 6iBISE-01 -, 34055E+01 =73
- LORTLEEH00 -, 151305402 L 7378630 .
! 2 L 350E+0E LB0000ED1 L 17847516 -, 41771E-05 -, 4760SE-03 ~.33417E~0] -, 133676400 -. STIZEE0] —46, 7 :
[.‘ LSB39IEH0L -, STIR4ER0L L 5TIZITH0 l
- 3 .30000E402 L 30CD0E+01 -, 47934603 | 12308E-03 -, 2BL1BE-03 -, 143SAE+02 . 103675400 -, 337395+0% -7T.5 ]
f BSZ24E400 -, \SI0IE+0Z L TITTEE+:
r
; JONTAINTES DENS L ELEMENT 2B ;
e 5.G. X v ZpsK £PSY GANXY 516X SIGY AuxY TETS i
- 5161 162 TRMAX
3
LAS00E+02 300005401 -, 33623€-03 L 10117E-03 -, 28380E-03 ~, 11B70E+02 ,ETES4Z-01 -, 3AGSEED" e,
f LIT0BSE4O0 -, 12T7ITH0Z L BATECEHD!
2 L IASCOE+0Z L BOOOUE+0L . 12916E-16 -, 39B4CE-05 -, 475.52-03 -, 31872E-01 -, 1Z743E+00 -, S70.BE0L —4u, 3 :
e LS6523EH0! - STBITESOL L ETOIOEH) i
3 L330008408 L Z0000E+01 -, 336235-03 , 1NZIBE~03 -, ZBI30E-03 ~, 11860E+0E , 10S73E+00 -, 33796E+01 -75.3 1
JIFEIOEH00 - LZTATE0Z L 6BEITI UL 1
)
‘1
; TONTRINTES D983 L CLEWENT 29
e :.6. X 4 £05% €05y BanY Y SI6X 516Y agAY TIT i
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SI6! 516 TRUMRX
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LTTIEHL - 10479E 02 L SREEGT
2L 37900E+02 60000+ L 74417E-17 =, 3:5012-05 -, 47 iSE-03 -, 252CiE-01 -, 10080800 -, SBE382+(11 —au, B
L9930+ -, 571695401 L EBIIGTe0l
3 36000E+02 |, 30OGOE+0L -, 3.39.5-03 LBEOTZI-04 -, Z813725-(3 -, 25886z+01 . 1.S0LE+0 - SRR
SLRLIZH0L -, JGATOES02 L, SRZEIEAD
*
D
CONTAINTES DANS L ELEYENT 30
°.B. Y £75X gpay GANXY 516X SigY TALTY L
SiGi 5i62 TALMAX
!’ 1 A0S0GEH0E L J0CCOE+QL -, 23483E-03 245204 -, ZTB4TE-03 -, 70025E+01 | 17672E+0) -, 33177E-0: -65, 5
LI4751E401 - 83003801 L 48RS+
2 L e0SU0ER02 L BOO0CE+01 L EA905E-17 -, 170E3E-06 -, 4S054E-03 -, 13BE3Z-(C -, S4433E-02 -, S46T7Z+01 -eZ
GABAZEH0] -, 547115+ )' S46775+0
3 L 35000E+02 |, 3000CE+0! -, Z34895-03 ,B3479E-04 -, 2B36LE-03 -, 7TO0BBE+0L |, 1S2Z23E+00 -, 340335+ -£8. 2
ST+ - B36B0Z+0L L 433382400
]
TONTAINTES DANS L ELEMENT 3l
=B, bt ¥ o) ZPSY SAMXY 516X SIGY TRUXY TITh
SIG! 5162 TAUMAX
i! UL 4350080 . 00Q0E+0! -, iBBOBE-U3 . 4B84TTE-04 -, Z6BT3IE-03 -.432625+01 . 228775+00 -, JTONEE+)L -65, w
ATSBOE+0L -, B43F4E+0L L 410T7I40
2 LA3S0CERZ  LBOOMGE+D! L 40B3SE-16 . 35364505 -.42014E-03 .EB8291E-01 . 113LBE+00 -.S0417E+01 -45,¢2
LO1126E+01 -  43711E+01 . 50419E+01
3 LAZ000E+0E . S0000E+0! -, E60OBE-03 . 43449E-04 -, 2B0TIE~03 -.43184c+0: ,25387E+00 -, 336BBE+(! -63.8
JA9U4TEHOL -, BT7TZEH0] L AHETEH0L
D]
TONTRINTES JANG L ELEYRAT 32
2.6, X Y £05X SH5Y SAmMXY SIBX SIgv TRUXY T
SI61 Si6e TAUMAX
) 1 .4BS00E+02 . 30000E+0; ~.85.47E-04 -, BBRZAE-04 ~, 41347E-03 -, 34353E+01 -.3TC35E+0] -, 456 EE+0] -44,7
148248401 -, B4413E+0L L 49618E+0!
2 L 6650CE+02 .6O0C0E+0L ,19166E-16 ~. 100SBE~03 -.bR4STE-03 - BOAS2E+00 -, 32181E+0! -, 8212SE+0! -4, 8
B2BIAE+0L -, 10312E+0Z . B30072+C:
3 L45000E+02 . 30000E+01 -,85147E-04 ,21337E-04 -, 13CS7E-03 -.25492E+Q] . 20799E-¢. -, 1590BE+01 -€a4,5
LTB078E+00 -, 33092E+01 . 20450E+0]
]
CONTRINTES DANG L TLEmENT 33
2.6. X ¥ £75X £0SyY GRMXY 516X SieY Tauy TSR
SIG! SiGe TRAUMAR
) L L 1S000E+OL  L6000OE+0L  ,F4548BE-17 -, 6356SE-04 -, 19553E-03 -. S0BS2E+(0 -, 20361E+0. -, 23464E+01 =360
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D13E5Ee0L -, 3TIBEEGL L EARTEIw 1
2 TI0OE0L L 30000EROL L 1IS38E-02 -, B3ITRST-0A -, JZI86I-(3 , I5el<E+0E L TUIESE.0) -, 38713201 ~Th J
363183402 L 6R%213401 L 15113Ee0E i;
3 KON0ER0 L IOO0CESDY SI8E-02 |, SOCGOE+Q0 -, 107SEE03 L 3B322T+07 L 32306EH0T -, L2FTE)! -7 e
L35982E+02 L ILTOBE+OL 135306508
CONTRINTES [ANS L SLIWENT 34 '
5.6 £ Y 206X 75y SAWKY 516X 5i6Y Thuty Tl
S161 5162 TRAUYRX
LASOCOE0; L BOOCOES0] L 100SIE-IB L 17BBZE-0b -, 4B937E-03 . 1414BE+00 . SRSB4Z+OL -, SBTIEE -uf,
L6E3715701 -, 552985401 L SBEIMIe
T, WSO005401 L FO000EROL L 123TBE-0Z -, 31262E-03 -, 29373503 L 3TL0ZEHZ -, 10321E+00 -, 3SC4BE40]
L37433E402 -, 434218400 L 18336502 -
3L ICCO0EH0Y L FO00CEHT L 1Z3TRE-OP -, IBBSAE-0T -, T84RE-03 L ITIAE+QZ L EBIZIEHQD -, 32935E+01 -E,
JITS8BE+02 L 3TITIEHUG L 1BELTE0E
CONTAINTES JANG L ELEYENT 35
2.6. | ¥ 205X £PGY GRMXY 516X 5167 TOURY T
5161 SiGe TAUYAX
UL TSO00E#0L L EOCOOE+01 |, LOSOUE-16 -. 43041506 -, 49378E-03 -, 24433€-02 -, 13773E-01 -, 59936401 —uS, 0
L591675+01 -, 59339E+61 592538+
&, 7SO00E+01 L 3000MELQL |, 11S11E-02 -, ZBITGE-03 -, 27B3IE03 L GASITE+0Z -, 63EBBE-O! -, 33400E+0; 5.2
388378402 -, 3BETIEL00 , LTRIGEHE
3 LE0000E+0Y L IOCOOESDT L 11S1IE-0E -, 2I304E-03 -, 2B158E-03 , 3489.E+02 -, 16BS0E+U0 -, 33785E+0i -%.5
JIABITERIZ -, 4F4T6E+00 |, 1TESHI ’
CONTRINTES DANG L ELINEN™ 36
5.6 X ¥ £a5X EPSY GAMKY 516X SiBY TALXY TITL
81561 5162 TAUMAX
I LI0SCUE+02 L BOOOOE+0L ,107R4E-16 . 24726E-05 -, 4B8140E-03 ,19781E-01 .73t242-01 -,S7768E+0: -5, 1
J5BIBIE+0L -, STZTAE+0L L 3776%E+01
2 L LCZ00E02 L I0000E+01 |, L0BAQE-02 -, Z67BBE-03 ~.Z8220E-03 , 31306E+02 -, 53432801 -, 33B54E+01 -8, 0
3ER0E+02 ~, A1431E+00 . 153375402
3 L90000E+01 . 90000E+01 . 10640802 -, 27037E~03 -, 2B13BE-03 . 318B6E+02 -, 13977E+00 -, 33766E+01 -g.0 4
32238502 - 43191E+00 . 16365E+02 ]
E
CONTRAINTES DANS L SLEwENT 27 4
5.5, X ¥ £ncy £35y GAMXY 5164 SiBY TRUXY ] »
S1Gi 516 TAUMAY 3
)
TV IGS00E«02 L 5000CE+01 |, 12890E-16 37887605 -.47749E-03 . 30310E-01 .12124E+00 -,57233E+0i -85, 2 1
LSB053E+01 -, 565438401 L S7301T+0 1
2 U3S00E+02 L 0000E+0T L ITIBOE-03 -, 28677503 -, 28375E-03 L 233736402 - 59321601 -, J40SCE+01 -€.S
LZITEIEHE -, a4BEIE 0 | 15105E4E .$
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3 LEGGOE#(2

CONTRINTES DNE

<. G, {

3 L 13000E+02

CONTAINTZS DANS L

b, X

L 13S00E+02

o

. 13500E+02

3 . 1B00CEHO2

CONTAINTES DANS L
8,6, X

CONTRINTZS DAAS L
B.3. i

{53008+

2 L 2E500E«

3. 24000402

.....

L 3TER0E-(3 -, ZuB43E-03 -, 28115203

£ EMeNT

Y Z95X £ogy GRMXY

JBUQOOE+0L L 139STE-16 L 41315E-0S -, 47636E-03

LG0000EH)L |, B9P0ZE-03 -, Z258BE-03 -, 2B414E-03

S0000E+0L L B3BGRE-03 -, 227308-03 -, 28514503

C_IMENT 39

Y £p5K BAMXY

m

(<]
ui
-

LBOOQCE+QL L 1410SE-16 L 42083E-05 -, 47635E-03

(98]

. S0000E+01 . B81263E-03 -.20304E-03 -, 2B423E-0

. 0000E+C1 . Bi263E-03 -, 20640E-03 -

m

MENT 480
\ £25X

i
-

BARXY

LEOG00E+0: L 785415-17 L 422E0E-US

- 47631E-03

< JC000E+0T . 72929E~03 -, 18420E-03 -, 2B424E-03

<JO000E+0L 7292903 -, |BOS5E-03 -, 281 12E-03

cLEMENT 41

f zpsSX Z75Y BRMXY

LBOGOCE+QL L 17713E-16 , 42267E-0S ~. 47629E-03

LI0000E+01 (BASTSE-03 -, 16337E-03 -.2B4cSE-03

CHO000E+0! L BLSTSE-O3 -, 16471E-05 -, 2B11CE-03
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. E9350E+G2
LEFTALEHOZ

SI5k
SIGi

. 33032E-01
. S80158+04
. CHB6EE+Z
272912402
. Z6854E+02
L2T2TCEHGE

. 3367:2-01
+ SBGUBE+0L
. 24364E+02
«¢a831E+02
. 2A333E+02
. Z4810E+0
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. 33800E-0L
« 380042401
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21853E+(2
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SI6X
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. 33814E~0t
580025401
. 19364E+02
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. 19393E+02
AFFRIEH02

-, L LERBE+(0
- 434362+

132212400
-, 563632+01
- £0.36E-01
- 435202 +00
- LOS37E+CO
- 321125+

Si6y
SiGe

. 1 J46BE~00
-, 56323 +01
- B0IFTE-0L
-, SETSTE+0
-, 10360E+00
-, 36037 +0

Siby
Sibe

. 13580E+00
-, 56314e+01
-, 6021901
-, 37884c+G0
-, L0322E+00
-, 60984z +00

-, B4 1BSE+00
-, 10316E+00
-, 67148E+00

=, 337A3E+0L
JISUIEE 0z

THCXY
TRUYRX

- S7.87zw0!
57183240
=, 360372+)]
. 138882+02
=, 33726401
138362402

pinled

TAuxY
TRUMEX

- S7i62E-H
LET7ihaESD
-, 341072401
 1eb7meuz
=, 33735401

. L2pB3zH0

Taexy
TALMAX

= 971372408
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TONTRINTIS DANS L TUI¥ENT 4 Ai
2.5, X ¥ 235% ogy SAMXY S1Gx SIGY TALXY £7q ol
SI6! M TAUMAX ¢
X
L ZB500E+0E  LBOGOOE+DL | 12008E-16 . 421B7E-05 -.47625E-03 .33743E-01 . {3SCUE+0 -, -at, 3
LSTFHEHL -, FBI0BEL0L .
I L ZB500EH0Z L BOCOOE40! L 5B263E-03 -, 1425SE-03 -, ZB4Z3E-03 . 16BRAEHGE -, 60S4SE~0L -, W
ATIESEH0Z -, TZE0RE+00 i;
3L 3TO00E+0E . S00005+01 . S6Z63E-03 -. 143B6E-03 ~.26113E-03 . .6853E+02 -, 10323E+00 -, -0, 8
JATS00E+0Z -, TATTEE+00
j
CONTEINTES DANG L TLEMENT 43 1
3.5, s ¥ £05x £35y anxY 515X SIGY Aty -273 .;
5161 5162 TRMEY
CL3ISO0EH0Z L BU00CE+O1 L 17847E-16 .41771E—0S -, 4760SE-03 . 334175-01 . 13367E+00 -, S71E65w0] 482
.ST964E+01 -.56393E+07 . S571295+0¢
2 LIISO00E+02 L GO000E+). L ATSI4E-03 -, 12177E-03 -, 2B41SE-03 . 143656408 -.61BISE-01 -, 3409BE+01 -LT ]
150308402 -, BETIBER00 . 79TBEE-! i:
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LAS103E+02 -, B55TAE+00 L 79TTEE+ :
CONTATNTES DANS L ELMENT 44
5.6 X Y zpsx EPSY GAMXY 516X SiGY TEUXY e °
SIG! SIG2 THLMGX
¢ L 34S00E+02 .EOCOUE+0! . 1Z31EE-16 .39B40E—0S ~.47SISE~03 . 318725-01 . 12749E+00 -, -uE, 2
LS7817E40) - SEREITH0] LT
2L 36500E+02 . G000CE+01 . 39623503 -. 10117E-03 -, 28380E-03 . L1B70E+0Z -, 67654E-01 -, 34056E+01 -l G -
J2TTIEH02 -, FT0BSE+00 L BITI0I 0! >
33300002 L I0000E+0. . 39623E-03 -, 102I6E-03 -, 2BIS0E-03 . 118B0E+0E -, 10ST3EH00 -, 33796E+01 - 1
LIETATE+0Z -, F9230E+00 L 6BEITE+0! ]
]
]
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2.5. X Y £05¢ EPSY BAMXY 516X S16Y TAUXY zT; »
SIG1 §162 TALMOX 4
| L37S00E+0E L BOOOCE+0. L T4417E-17 ,31S01E05 -, A711SE-03 .25201E-01 . i00BOE+00 -, SAEIEE~] g, 2
LST163E+0% -, 559095+0¢ L 5653350;
S 375005402 . J0000E+01 . 31391E-03 -.B1368E-04 -, Z8Z26E-03 939435401 -.92467E-01 -, 338686401 -
04792402 -, 117755401 5G2BaT0! »
3 L36000E+02 . 0000E+0. . 313915-03 -.B2072E-04 -, 2B189E-03 . 73B66E401 -, 11501E+00 -, 33827E+01 -7 3
CL0470E+0Z -, 11361E+01 583295~
1
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L 2000E
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GRALY

- 42014£-03
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GAmXY
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-, 132578-03

GRMXY

-, 48780E-03

-, 107SBE-03

-, 443555E-03

GAMXY

(¢ -. 30907€~03 -, 28349E-03

Sial

. 136L3E-Ge
L5718+
. TOGESEHL
LB3099+01
< T0086E+0!
.83680z+01

- £8c3.2-01
L497058+01
A3E6EE+0!
L64534E401
RSN
BETIZEHL

. 50ASEE+(0)
10312E+0¢
. 243536401
LB4413E401
CI4TZE+0!
L33032e+01 -

515X
SI6t

LA07145402
L4LRIBE+OZ
L351B61EHE
. B0418E+02
.B0793E+02

Crmy

S5iaX
516t

. 368351E+0¢

. 56453E-02
-, S4BT
- ITRTZEHCG
—,14751E+h‘

-, 25387C+00
- 131475+01

4ST43E+0]
. 363013E+4:
. 1&208E+00
. 7453¢E-01
LASTL4E0L
81363+
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LEeBTTIe0
-, 3a177E40! -l
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43333+
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=, 32008z +1 -:5.c
L1077z
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ThUXY R
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RN X Y TR5X E95Y BARXY 5154 SI5Y TALYY

oy
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CHOO0E+L 1 1AOE-(2

. 3G000E+0T . 10735E~02

LLZOQOES0E 22432502

RENULH N
L 30000E+0Y | IBT26E-03

E000E.GE J2081TE-OZ

SO0C0EL0T 370
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L LEDGOE )2
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CI009GE+D L 819R5E-03
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SHMXY

-, Z6621E-03 -  2B314E-03

-, 28138803

- S7160E-Ch

iHMxY

-, 2443703 -, 2B399E-03

730893

nx

©o%y GRMXY

28415€-03

- Z0640E-03 -, 281 14E-03

139

SI6i

L 381TTE+02
L 345065 +52
. 321 58E+(2

. JT3BEHOZ
LE7314E+02
673192402

516X

Si6t

1647E+02
20062+02
L 2360SE+0Z
L 293842+02
.6{479E+@:
LB2486e+08

3
3

A I’\.l

SIGX
516t

L291412402
29533 +02
. E7083E+02
L27696E+02 -
. 57582E+02
LI7S30E+02

516X
8151

. CBB4OE+02
.L'Ub9*“)“

5:i62

-.389:82-0!

-, 3cBABE -0

- B4d3IE-0]

- §1434E+0)
73302501
5375180l

-4
a?
-

wm w
vl
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fi

-, T44FIE-0]
-, 434342+00
- SITRTE-GL
- 431348400
, LiBBaEHIC

10310+

-.63777E-01

- 456 165+00)

-, 48224E-01

L 4B 159E+00
. 13088E+00

4
i
. 1221 3E+00)

S16Y
S16e

- Bi00IT-01

- 48903E+00

3
1
-.47bﬁ7:-01 -3
.
{

- 50183z +00

TALPRX

-~ 33RTE

LATeEIEvuc

5‘75:+h:
b‘*WU

at
RI-RATha SVt

33577640
 1BEnTeN:
33766401
1320852
 BSETIE (K
ISEE e

TARUXY
THUMAX

. 36078E-0 L
1035550
L 237438401
LL39733402
. T0B56E+30
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TAUXY

TRUMAY

LIRSS

L I37TRE L2
3736540,
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360 TFIIERR, S7.3mcl 7D Wi
[E=IERR-2u
80 TD (300, 385,900 12
0 60 TC 2
- BL{CY 'TORZLT
800 IFLIERR.GT.A5 20 70 <ad
1E=]ER]-4L
50 70 (410,500, 18
10 WwRITDIMI eI T,
a1( TGRMATOY ek ZARCR, IRL_AONLMELY D0t T OGRIATIE TSANONEIIE', G
)
50 TG 300
G--——--- BLOCK 'ELEW
500 FOIZIUGT.EY S0 7T WO
[E=1ER]R-50
G T3 (519,900,230
Si0 WRITEMR,2S:H 1
540 FORMAT (Y #% S0, NOMESY OF NGDES 0, 13,'0 15 3REATII T-An i
1,13
60 7§ 300
3530  WRITE(®P,2330)11, 2
2530 FORMAT(Y ## £330R, PROPERTY \LWRIT M, T3, 1D ZRIRTIROTON it
LD
G0 70 300
S40  WRITE(MP,2540. 11,12
2540 FCORMAT(' ## ZR90R, GROUA MUMBER ', 13,") IS
i)
60 70 300
S50 WRITEMO,ESR0) 1L, 12
50 FDAMATY #x ERR0Y, ELDWONT ANUMERZI 14,00 15 GRIATIV THAN NELTS
114)
60 70 900
S60 60 70 220
570 WRITE(M2, 25700 14,12
2570 FORWAT(Y #% ERRCR, NUMBZR COF ZUIYENTS €, 14,") 1% GIIATER TN NEL
IRELISE Y]
{-——-- D

L.

[

Iy

540,352,550, 370, 12

FI67TT THEN RIS

(%3]
bl
v
Let

IFC(INIV.35.2) 5700
RETURN
END
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B\OF_CATCALS

$058UG

SUBRDLTINE ERRTLRCIZAR I, I,

(sss==csoozoeT=osTosoIossTSISTOSSSITSSoCISTSIISCSTITTISIsISSSIosIoooISoz

c JRINT ZRRGR YCS523Gzo FOR BLLOCAS FEaDING [R5

(zzz=zz==szszz=ssoszzosoczsz —zz

SCYMON/EG/ M, ¥R, WD YD A
C-——-- BLOCY 'COCR
(IERR.GT. 130 GG TC 260
At- £93-1¢
30 TT rIi0y 120, 130, 180, (S0, IR0 108G, 130, 12
110 WRITE(R2 21001 12
2010 FORMATY ## TRAZI, SIRST ALDD ALTRTRIN, 14,7 IR 3RITTIR TR W=
U 18)
30 70 900
120 WRITEMME, 2120011, 12
212 -URﬂﬂ’ ' #% ZR0R, SECOND \ODE NUMEER!', 8,00 15 3RE47IS TWAN A=
1? Y
50 TO 500
130 WRITEMP, 2130011,
2130 FORMAT(' #+ EIR0OR, NODAL NUMBSR OF DLO.C. (%, 14,') 1B 5320725 7-diy
INDLN=', 14)
6C TQ 300
140 WRITE (™D, 2140)
214 FOAMAT(? #e E3RDR, SI3GT AND SZTOND \DDT ALMEZRE ARE ANCIMIOT IR S
IWITH THE GENERRTIIN PARAMCTER":
60 0 ¢
150 WRITE(®D,2150) 1t
2150 FORMATC #« I330], ACDE ', 14,0 15 DETINED =Lz ~-an ONITY
50 0 300
160 WRITE(MD ZI6Q) 1!
2160 ORMAT(' ## IIRACR, OOE ', le," 15 NDT DEZTINIDM)
G0 TG 900
180  WRITE(MP,2:80)1z, 1.
2180 FORMAT(Y ¢ ZRROR, GINEARTZD NCDES NUMBZe' 14,0y 15 LEZS T-ON ANT
1=, 14)
60 70 900
C-——= BLOCK "DV
200 [F(IZ38.67.2%) 50 70 200
[E=1ERQ-20
60 T3 (210,220:, (L
2l WRITE(MR, 2211, 12
2210 CCA™AT ¢ TICR, ALMBER IF D.0.F. {7, 12,') 15 GREATIR THRN M=
1‘.12)
0 "0 300
220 uR!TE!*D.&EEO)Ii,ZE
220 FURMA™ (' &+ £RAQA, NODS NU¥BIRCY, s, 5 BRIATER T-AN
INNT=?, [4)
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DATA NITZRL, Li/ N®DT25 ) ATk
1 ONSWM/12/ TOLSRZ/ LB~z kbt

C-~---- CC¥¥IN /5/

DRTA ¥3.5/, M2/E/

DATA IvAsLs, At

Covennne DEFI

c FOR TRE ZOw0UT
C EXQ?Q‘LLQ:

~

1)

-

z

DATA NREEL/2/
Covvnnns

C-——— IOWNON /0T

e ComMoN ALLTCy

L7 L/ TR ESY

€3 £vIVED

T~

o
1§05

t2C

AR N

|
f
i
Ty
i
[l

DATA LXX (1), LXH03Y, AKX (20, LAh e, 00 Sy, 30l (7, oy

LAX (), LXK

[N I SRS

END

o

b LXX(LLY LXX
LXX(16)  XXEUT), (XX CC8) XX CIT) LXK (30, XK(20 s, as 12
LX(E3), LAX(2a)  LX0ES /388,

RS I & S SIS 3 S OR S DS RN
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$LARGE
$NCF _CATCALLS
BLOCK DATA

C  INITIALIZE LABELLED COMMONS
L= ——— ———
IMOLICIT REAL€B(A-H,0-1)
COMON/CE03/ND M, NNT, NDLN, ADLT, FAC (3)
COMMON/COND/NCLT, NCLZ, NCLNT
~OMMON/ PRND/NPAN
2O¥MON/PREL /NGPE, NPRE
SORYIN/ELEM/NELT, NNEL, NTPE, NGRE, ME, NIDENT, NG
CCMMCN/ASEE/NSYM, NKG, NKE, NDLE
ZEMXON/37S0/NED, NRES, MRES
ComON/ABRT/ 1EL, 1798, ITPEL, I6RE, IDLE, ICE, IPANE, 1PREE, INEL, 1DEG,
{ IPG, ICOD, IDLEO, INELO, IPGO
COMMON/ L IND/NLEL , NBLM, ¥KB1, ¥KG2
COMMGN/NL IN/EPSDL, XNORM, OMEGR, XPAS, DPAS, DPASO, NPAS, TPAS, NITER,
1 ITER, IETH
COMMON/VALP/NITER], NMD1RG, ZPSLB, SHIFT, NSS, NSWA, TOLJAC, NVALP
COMMON/ES/M, #R, %P, MLUN(10)
TGN/ FLLOC/NVA, TVR, IVAMAX, NREEL, NTEL
COMMON/LOC/LCORG, LDLNC, LNEG, LDIMP, LPRNG, LPRES, LLD, LLGCE, LCORE, LNE,
_PRNE, LPRZE, LLE, LYE, LFE, LKBS, LKGD, LKGI, L78, LRES, LDLG, LY,
2 LDLEO, LDLGO, LFBO
DIYENSION _ORB(1),LDLNC(1),LNEG (1), LDIMP(1),LPRNG (1), LPREG(S),
* LLD(1),LLOCE(1),LCORE (1), LNE(1), LPRNE(1), LPREE(D),LLE (1),
€ LKE(1),LFE{1),LKGS (1), LXBD (1), LKBT (1), LFB{1),CRES (1), LDLB(N),
% L¥E(1),LDLEO(1),LDLBO(Y),LFBO(L)
DIENSION LXX(ZS)
EGUIVALENCE (LXX(1),LCORS)
- £IYMON /COOR/
DT NNT/20/,NDUN/2/ NDIN/2/, FRC (1), FRC(2) , FRC(3) /3#1. DO/
C-——— COMMON /PRND/
DATA NPAN/O/

C--—-- — COYMON /PREL/
DATA NGPE/0/NPRE/O/
G COMMON /ELEM/

DATA NciT/20/,NNEL/8/,NTPE/1/,NBRE/ L/, ME/ 1/ NIDENT/Q/
C-mmmm —  COMMON/ASSE/
DRTR NSYM/0/

C-——— COMMON /RESO/
DATA NRES/0/,MRES/2/
S COYMON /RGDT/
DATA ITOE1/0/
C------- (OMMON /LIND/
DATA {G1/4/,MKG2/7/
C------- COMMON /NLIN/

DA™A ZP5DL/1.0-2/,0MEGR/1. D0/, DPRS/, 2D0/  NPAS/ L/ NITER/S/, IMETH/ L/
C——--—- COMMON /VALP/

150




80 75 10
- BLOCK "0 COMAUTE EIGENVALLES (5LBSPACE) YALP?
250 CRLL BLVALP

G0 7D

{--—--- UNDEFINED BLOCS
250 CONTiNut
270 CONTINGE
283 CONTIME
g CONTINGE
300 CONTINUE
30 70 10
L= END OF PROBLEM 15709
999  WRITE (MR, 2020) IVAMAX,NVAR
2020 FORMAT(//' END OF PROBLEM, ',1:i0,' UTILIZED REAL WORDS OVER',I10)
STOP
END
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[ W Vi SO S

QB T MR e St g o 0 Br S r b AR AEA A 200 Y

- SEARCH FOR THE BLOCK TQ BE EXECUTED
53 20 1={,\B
F (B0C. £0.BLOCS( D)) 50 70 30
0 CONTIME
WRITE (42, 20100

N wig - LW

202 FORYATC +% ERROR, MISSING BLOCK CRLLING CARD',/)

60 G 10
0 6070 (110,120,130, 140, 150, 160, 170,
! 180, 130, 200, 210, 220, 230, 240,
? 250, 260, 270, 280, 230, 300,399) , I
C—--—— BLOCK TO PRINT IMAGES OF DATA CARDS 1 INAGY
110 CALL BLI¥GG
50 70 10
{-—---- 3_ICK TO READ AND PRINT COMMENTS 1COMT?
120 CALL BLCOMT
50 10 10
R ELOCK 70 READ NODAL POINTS COORDINATES 'COOR?
130 CALL BLCOOR
80 T0 19
C-—— BLOCK 70 READ DEGREES OF FREEDOM PER NODE 1DLAN!
140 CALL BLDLPN
60 T0 10
C-—--— BLOCK 70 READ BOUNDARY CONDITIONS 1COND!
150 CALL BLCOND
60 T0 10
R BLOCK TO READ NODAL PROPERTIES 1 PRND!
160 CALL BLORND
50 T0 10
C-——— BLOCK TO READ ELEMENT PROPERTIES *PREL!
170 CALL BLPREL
61 70 10
C-——-- BLOCK TO READ ELEMENT DATA TELEW
180 CALL BLELEM
60 70 10
R BLOCK 70 READ CONCENTRATED LOADS 180LC!
130 CALL BLSOLC
80 T 10
C-—-—- BLOCK TO READ DISTRIBUTED LOADS 1S0L]!
200 CALL BLSOLR
80 T0 10
C-—-—- BLOCK FOR IN CORE ASSEMBLING AND LINEAR SOLUTION 'LINM'
210 CALL BLLINM
80 10 10
C-——-- BLOCK FOR ON DISK ASSEMBLING AND LINEAR SOLUTION 'LIND'
220 CALL BLLIND
60 T0 10
{-———— BLOCK FOR NON LINEAR PROBLEM SOLUTION TNLINY
230 CALL BUNLIN
60 10 10
C-—-—- BLOCK FOR UNSTEADY PROBLEM 17EMD!

240  CALL BLTEMP
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"

1 IPG, ICED, IDLEe, Iﬂé-T,Ifli

COMMON/LIND/NLEL NE_Y, 45

SOrmON/NLINZERSD . NDRY, GRElC

{ ITIR,IXETY

T

COmMON/VALR/NITZRL NMDTDB, 2355, 39177, 35, aEan, T - 0 st

COMMON/ES/*, ¥R, 2, ¥LUN(LD)
COMMON/RLLCC/NVA, TVA, TVAFAX, NREEL, NTEL

COMmON/LOC/ LCORE, LDLNS, LNEG, LDIYP LPRAG, LBREL, LU0, _ 2T Lo
LPANE, LPREE, LDLE, KE, 73, 265, L4350, L4621, .55, LR35, .05, 2

!
2 LDLEO, LDLGE, LF50

COMMON/TRVL/VDE (3), AUV (S12) , N
COMMON/DUMPLA/Y 13, Y25, X13, %21, 5u4, 85, 6.8, D4, IS, D6,
LCLA,:LS.CLS.SLA,SLS,S;S,B 3,3

COMMEN VA (20000)

- N

DRTA BLCCS/* 167, 1CONTY | VEE000 VDLV 1001 55T 298, !

—id SR i

# VELEMTVSOLDY, YGOULRY, LI T LINDY,
% 'VQ'LQ'.'....’,',...','....',’....',’.... \
DATA NB/2l/
c
CH++et+e++ WRITE HEADING 7O CONSOLE AND 320857 (NOLY GND CLTO4T
c FILE NAMES, FILE NAMSS WLST LCOACI&Rw 70 S D05 2.1
g CONVENTIONS, NO PATHNRWES A_LTazD, 2 205 I,
C CONSIST OF (AT 0ST) 14 CHARRCTEARS: TEV:F J_ZnaMg,EYT
C
g FOR SXAMPLE: A INPUT, OAT
c
WRITE (#,2000)
“RI'E(*,'(Q\)‘ ' COMPOND <TLS NAYE?
READ(#, ' (A14)') INFILE
WRITE(#, ' ()N
WRITZ(R,V(RN) Y)Y QUTRUT FILE NAME?
READ (#,° (AL4)Y) CUTFILE
WRITE(#,7 (/)"
WRITE(#, " (R ' BCCISSING BEGINS, .
OPEN(MP, FILE=CU7E! h_.S'Q'uS"\: )
OPEN(MR, S I E=INFILE, 2 ATUS="CLDY )
e XS
. ——————
Crannons LENGTR OF BUANK CO¥MON N REAL WORDS (TRBLE VAI

NYR=20000
C-———-—- HERDIAG
WRITE (D ZeOm
2000 FORMAT I, 30x, " E M3, /RS, 6L TTUIST, G

4

-
>~

1 , /25X, " YCDIFIED v
2 125K, REME B, RIS /ZEX, LFC=N/ e

L—-—- RAEAD BLOCK 7ITLZ
10 FEAD (MR, 1000) LT, W, YLA

WRITE(#,' (R1R,A4)"; * PROCESSING BLDCY ', BLGC
1000 F0RMAT (A4, B, 1015)
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APPENDIX E

MEF PROGRAM LISTINGS

The program listings for MEF are provided below. Each separate disk file,

marked by the Microsoft FORTRAN 77 metacommands which preceed it.

$DC66

SNOFLOATCALLS

"

C _________ —

c

z €.E.M. -3~ DPROGRAM, 'BOOK' VERSION OCTOBER 1979
c (6, TOUIOT , 5.DHATT, COMPIEGNE UNIVERSITY OF TECHNOLOBY, FRANCE)
C

C ¥ODIFIED FOR IMPLMENTATION ON THE IBM PC AND THE COMUMBIA

c ¥PC USING MICROSOFT FORTRAN VER 3.2

C

C

» { REHE Z. UESCH, LCLR, USN, U.S. NAVAL POSTHRADUATE SCHOOL )

MAIN PROGRAM

€2 T3 3 €3 v €3

IMPLICIT REAL#B(A-H,0-1)

CHARACTZR#4 BLOC, BLOCS(21)

CHARACTER*!4 INFILE,OUTFILE
COMYCN/CGOR/NDI %, NNT, NDLN, NDLT, FAC(3)
COMMON/COND/NCLT, NCLZ, NCLNZ

CCYMON/ 23ND/NPAN

SOMMON/PREL /NGPE, NPRE
STYWON/ZLIN/NELT, NNEL, NTPE, NGRE, M€, NIDENT, N3G
CO¥MON/ASSE /NSYM, NKG, NKE, NDLE

£7YMON/ 9ES0/NEQ, NRES, MRES

COmMON/RBDT/ (€L, [TPE, ITREL, I6RE, I0LE, ICE, IPANE, IPREE, INEL, (€S,
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ice
37
abi
128
123
230
13
13t
‘2z
>
133

=

,,.
o~ O

b= hem b-
[ O T R ¢ o I I OV I 7 B &V ]
w

.’_.,,.
w

,.._
> &
-

142
143
L4k
143
146
147
148
149

ba P e b e e pea b =
WL Lo L Ln
~ O F Gy U

o8
153
169
16!
bz
163
i64
169

END OF

TR VDA WY ST O

L 37SCCE+D2
375008+
TSO0E+0Z

700z 402
L 37S00EHIZ
. 330502+22
« 390GCE+Ge
« 39000E+132
. 39000 +02
33000z +02
. 405002 +02
. 405002402
. 4Q500E+2
L HI500Z+02
. 40S00E+02
L 420000 +02
L 420002402
L 420008+
42000E+02
L 42000E+02
. 435008 +02
. 43300402
. 43500E+02
L 43500E+02
. 43500E+02
L 45000E+02
. 45000E+02
. 45000E+02
. 45000E+02
. 43000E+)2
. 483002+02
. 46S00E+)E
. 46500E+02
. AB300E +02
. 46500E+02
. A8000E+02
. 4800CE+H02
. 48000E+)2
. 48000E+(2
. 48000E+)2

[ZS I V¥ ]

ORGHLE™,

P ST S

. L 20E02

GE+00;

L 3000GTHGY
60000401
L H00EH0!
LEIO00Z0E

L BOOIUE+DL
FO0CHE+GE
o EUO0ERCE
« Q0000+
+ S0C00EH) L
L BAO00Z+0 L
L 30CO0E+Q!
120002402
L QONGDE+O
« 300G0E-01
BOGCOE+) !
« SOO00E+O1
. 1200G0E+02
L QOUQ0E+OC
. 30C0CE+0L
. BOGOOE+(L
. J00GNE+)]
L 120002+02
L 00CCOER00
2 S0000E+01
. B0COOEOL
. 900QGE+GE
o A 2000EHOZ
000002 +00
. S000QE+0 1
L BOCCUZ+0!
. 0000+,
L L2000E+02

o & s

 QQGOE+GH
L BOO00E+ ¢
« CCU00E 00
Oz 4

R
RUECIY S
L Q0000=+0
L DDOOOE+QD
L GOO0GZE+00
L GCOOQE «Q0
G000z Y00
. COCQOE+O)

L O0000E+C)

+ COCQ0E (D
L QON00E+00
L Q0GGOE-0C
L 00000Z+00
» (OGOCE~D0
L O0O0CE+CD
. QCOG0E+00
« C00O0E+G0
L COGOOE+Q0
2 GOCQOE+00
 GOOGOE+00
« BCCO0E+Q0
L BOCOCZ+G0
L OCOO0E+00
L DO000E 0
« QOOG0E+00

L CGO0UE+00

L G907
OG0

« 00OG0Z+00

« COCONESI0
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LA A8 W Bl Bt Al Bl S S-S AEa B~ iy e Y“T

S L 2i000z+02

LERSQ0E+0Z L QOOQGEHOD

LE2SO0E02 L 30000TY

v

L ERSOUE+0Z . LEQUUE 02
g Bl LZH000ZH0Z L O00GNE
: 82 .Z4000E402 .3

83 L24000E+02 ,6I00UC+GL 0G0
84 Z4000E+02 . F00COE+0L QGO0
85 .24000z+02 ., 12000E+02 L 0000
86
87
38

L2S500E+02 L QOORCEHQO0 |, CLOO0E~QD
L2SS00E+0z L 20GO0E+DL L D00GOz+0
L 25500E+02 L B00CCE+OT L 0000200
" 83 L ITIO0E0E L F0NOEH:
90 ZS500E«02 | 2000E+02

I L ETGOOE+GE |, GOO00E+CT
LETO00EH02 |, 30000E+0L
LT000E+02 L B000GEGL L Q0000S+0

. Z7000E+02 L ICOG0EROL L QUDCOE GG

32

33

T4

K L270005+0z L 12000202, QOGOOZ+GE
96 . ZBS00E+0E . OQQNCE+00 |, S0000S+00
97
38
B

Wi

-

L28S00E+02 L 30000251, 0000OZ+20
. 28500E+02 L B0000E+0! . OOD00E -0
. 2B500E+02 . 30000E+01 , 0CO00OT 0L
f 100 . 28500E+02 , 120COE+OZ ., (OGO0E00

100 L 30000E+02 |, OOGO0E+00 |, QOO0GT«04

102 . 300008402 L 3GOUOE+0L . O0OQCE~00
{ 103 . 30000E+02 . B000O0Z+L  , DOO0OE+00
] 104 . 30000E+02 .SU000E+O: . 00000Z+00
[ 103 L 30C00E+0Z L 12000Z+02 L 00000=-00
106 . 31500E402 . QOCR0E+0 L QGAOQE00
107 . 31S00E+22 L 30000E+4L |, 00COOZ+00
108 L 31500E+02 . BO0COGEH)L  , COO00E-00
109 . 3IS00E+02 L 300005+, OOOQQE+00 i
110 L 31S00E+02 L i2000E+0E . JOQ00E+C) L Q00¢
11D L 330005+0¢ L 00000T+0) | J000)Z+0n LK
112 L 33000E+02 . 30000E+0L L QOO0GE«30 L 0QCOUE+G0
L. 13 . 33000E+02 L 800005+01 |, O0COHS+00 L OQDGEN
3 Lih 330008402 L FOCOOESO! . GOOOOE+C0
115 J33000E+02 L 120008402 |, GONGOE+0;
116 . 34S00E+02 . J0000E+00 |, 0COOOE+00
3 117 L 3650084062 L 300002+, 000GCOZ-00
! 118 . 34S00E+02 . 600NE+O! |, CO000E-N)
q 119 (345008402 L F0000Z+01 | LO00QZ+00

PRPRL, 3§ S

00RO
L rA000E -

20T

g 120 L3AS00E+02 L IZ000Es0Z L (O0GOE S

3 120 L3B00CEHIE L UCoQeE+Dn  , U0000T e

t 122 . 36000E+02 L SUCWIE+DL |, 2GOO0E 00

$ 183 L 36000E+02 L R0000Z+01 |, OO000S +i, LOOCLOT e

t i24 . 36000E+02 .30000E+QL . 20000E+00 IOTOCE 0D
125 (3600002 L 120003402 . Q000O0Z~000 LG0T
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&L & & RO

o
[Ve)

n
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L BUO00E+D:
L 7S000E 01
L TECO0EH0L
L 730002+
L TS000E 401
LT50C0S0
L ORO0EH0
L 300G0Z+01
L 30000E+):
L 30060E+01
L 200002 +0]
L INS00E+02
. -050H0E+02
. JO500EH02
. LOE002+02
L LUSGEH02
. LE000E+02
. 12000E+02
. L2000E+02
L 120005402
L 12000202
. 1 3900E+02
. L 3500E+02
. L 39C0E+02
. 13500E+02
. 135008402
. LS000E+02
. LSO00E+0E
. -SO00E+02
. . S000E+02
. LS000E+0Z
. LRS00E+0Z
. LESOOE+02
. 16500E+02
. LES00E+H02
. LBECUE+OZ
. 1B0U0E+02
. 1B000E+02
. 1B000Z+02
« LBOOCE+02
. LB000E+HOR
L 135002+02
. 13500E+H02
. 19500E+02
. 13500E+02
. 19500E+02
2L000E+02
. 210008402
. 21000E+02
L 21000E+02

FAGEE0L

. L2000E+02

GO0z +00

< SQUO0E+)L

L 500008+ 1
L L20RGTH0Z
. (O0COE+0D
 30000E+01
L BQOO0E+QS
L FOGCOE+G
« 12000E+0Z
L 200G0OZ+00

. 30000E+01

. SCO00E+C 1
12000202
Q0000 +00
o 00CAT+01
L B0000Z+0;

« L2000E+02
. 000002+00
. 300002+01
L BOUOCE+0L
+ 30000E+0
L 120008+02
. 000QOEH0
L 300005+01
. 60000E+C!
i LEVUS I
. 12000E+02
. 0000GZ+00
. J0000E+01
L BOCOOE+) L
. 30000E+01
L 20002+02
. 00000E+00
« SG000E+01
. BOCOOCE+0!
. S0000E+01
. 12000E+02
 QOGOOZ+00
« 20000E401
L B0CO0Z+01
. 30000E+01
. 120007+02
. 0000CE+Q0
. 30000E+01
. 6O00OE+Q!
. 300005 +0 1

. JU000E+00
+ GOO0QOE+00
. 00000E+00
. 00Q00E+00
2 Q0000E+00
. CO0OE+00
. QOO00E+)0
« 00000E+00
« DOCGOUE+O0
. Q0000E+00
« 000G0E+00
« QOO0CE+(0
« OO00E+O0
. 00000E+00
. 000002 +00
. 00000E+00
. 00000E+00
. 00000E+G0
. GOO00E+QQ
« QOOGOE+00
. 00000E+00
. O0000E+00
. C0000E+00
. Q0000E+00
. GOO00E+00
. O0O00R+00
. GO000E+00
« DOG00E+00
. 00000E+00
. O0000E+00
« 000QCE+00
+ 000COE+00
. 00000E+00
. 00000E+00
. 00C00E+00
. 00000E+00
. 00000E+00
« 00000E+00
« 0O000E+00
« 00000E+)0
« 00000E+00
« 00000E+00
« 00000E+00
. 00000E+)0
. 00000E+00
. 00000E+00

o QUERI Iz +0(
« OO00CE+00

. 00000E+Q0
00000 +00
. BO000E+00
« 00000 +00
+ D0000E+Q0
« GOOKOE+Q0
« D0000E+00
. 0C000E+00
. 00000 +00
. COOOUE+QC
« Q0000E+(0
. Q0000E+00
. 00Q00E+00
« QOOOOE+00
. 00000E+00
+ 00000E+00
. COO00E+00
« JCO0OE+Q0
. 00000E+00
. G0000E+00
+ 00000E+00
. Q00Q0E+00
. Q000CE+00
« 0000z +00
. 00000E+00
. QOO00E+00
. 0000NE+00
. 000O0E+00
. 00000E+00
. GOOQ0E+)0
« 00000E+00
« D0000E+00
« 00000E+00
. C0000E+00
« 00000E+00
» 00000E+00
« 00000E+00
« 0OCQOOE+00
. 00000E+00
« 0OOGOE+00
. 00000E +00
. 000002 +00
. 0O000E+00
« 00000E+00
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« GOOGOE+G0

« COGOOE+O0
. O00QOE+(0
» 00000E+00
+ DOOCGE+G0
. 00000E+00
« DO000E+Q0
. 00000 +00
« 00000E+GO
. 0000UE~QO
. QOO00E+)0

« 00000E 00
« BO000E+00
. 00000E+00
. BO000E+00
. 00000E+00
« D0000E+00
. 00000E+00
« 00000E+00
. 00000E+00
« Q2000E+00
. 00000E+00
« 00000E+00
. 00000E+00
«JO0COE+00
. 00000E+0
. D000OE+00
. 00000E+00
« 00Q00E+(0
. 00000E+00
« 000002+00
. 00000E+00
. D0000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
. 00000E +00
« 00000E+00
. 00000E+00
. 00000E+00
. 00000E+00
« 00000E+00
. 00000E +00
. 00000E+(C
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L A3T00e a2

2 . 43000E+02

3L 43500E+0Z

CONTRINTES DANS L
3.5, {

L 46500E+02

rn

« 48000E+02

3 . 46500E+02

« GOUGOEH L
. 500COE+01

LG0T 02

ELEMENT 64
¥

L 30000401 -

< 30000E401 -

< if000E+02

L 18016E~(3 - 43193E-04 -, 2611280

L34311E-04 -, 21937E-04 -,

2052803 -, £0335E-04 -,

. 11615E-16

. 73112E-04

LT3LIZE-0h -,

£3UILTERIUM RESIDUALS AND REACTIONS

. 13011E-03 -, 253348E-03

. 23479€-03 -, 13257

m
s
ul

L1770E-03 -, S02105-04

28073E-03

$57225-03

Y GAmXY

516:

3 L S37LI7E«0:

57833 +01
. 2B617E+0!
.51084c+01
< 596:0E+01
648295 +0!

aaaaa

. 15209E+01
760432401

03 -, 30126E+00

. T8778E+01
. 1397%E+01
. 1475592+01

+(0

-, 218342+01
-, 33773E+00
-, 859645 +00

 60834E+01
- 67057E-13
 TS684E 401
-, 61063Z+10
-, B1BLEE!
-, JZ5FES!

TOUMLX

-, 3.336E+01

AST ot
LTSS el

1 -.33686E+01

364855+
-, 16856501
T ACED

TRy
TAUMSL

- 304178+0}
LIgazITent
-, 15308E+11
YT
-, BOZI3E~04

T
IR AU

t.n

MODES X \ 4 DEGRZES OF FAEZDOM (# = DRESCRIBED;
t L 000C0E+00 |, 00000E+C0 |, 000OGE+00 . GO000E+00 * . 00000E+G0 #
2 L0CG00E+00 |, 300002401, QOOCOE+00  Q0000E+00 # . QOGOOE+0O0 #
3 0000000 L EOOO0E+0! |, QOOQOE+00 . COCOOE+CG0 * . QUOO0EHI0 *
4 L 00000Z+GO , F0000Z+01 |, QOO00E+0D Q000000 * « QOO00E+00
5 L 000005400 L 12000E+02 |, COO00E+00 . Q0000E+O0 # . G0000E+H0 *
£ L 150002+ L O0GGOZ+00 L 00000E+00 . Q000HE+00 . O0000E+00
7 L iSOCOE+O1 L 3000CE+01 |, D000OE+QO . 0000UE +00 . 00000E+)0
3, L000Geed!l  JEOGOGE+IL |, OCOGUE+GO . 000002+00 « QOO0+
7, 1S000E401 L F000CE«Q; |, QOO00E+QO . G0000E+00 . Q0000E+00
W LISOOGEOL L 120002402 L O0000ES00 . OOC0OE+00 « QOOCOE+()

11 L 30000E+01 L 00000E+C0 |, 0O000E+00 . 00Q00E+00 . O0000E+0Q
12, 30000E+01 L 3000CE+01 L 00CO0E+00 . 00Q00E+00 « QOCQOE+Q0
13 300002+01 L 6U000E+OL |, COO00E+OQ . GO000E+00 . 00000EH0
e L I0000E401 LF0GO0S+01 |, 00000E+0Q . 000N0E+00 L DOUDOE+00
(S L 30000E+01 L 12000E+0Z . 0000OE+C0 . 00000E+00 . 0OCO0E+00
(B LATONOEH0L L GOO0NE+00 |, 000002 +00 . QO0N0E+00 « QOOOOE+00
17 aSCOGES0L L 30000E+CT . 00000E+(0 . 00000E+00 . QUGCOE+0
(8L aS00GER0L L B00N0SH0L |, 00000 +00 000002 +00 + DOCQUE+Q
13 LASON0EXGL L Q0000E«nT L OO000E+) . H0000E+00 + QOUV0E )L
20 LASCOOTHOL L 12000T+02 |, DOOO0E+G0 + OOO0QOE +00 L QOCOOE+(0
20 LB0000E«0L L O0000E-¢0 L DO000E+00 . 0O000E (0 L JO0O0E+0
220 A0n00E+0L L S000GES0L  , ON000E+Q0 . QOO0O0E +00 + 00QO0E+()
23 LB000DE+0L L B00CCE+OL |, 00000E+00 + COOO0E +00 + QUOO0E+)0
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Z
_ 3
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i
L
q
1 SINTR

RGN aama
[N} ra

T

CONTR

-
Py

ro

(73]

CON"R
2.6,

[N

CONTA

2.5,

POV Sy

~omee s
LI T RO

«31500E-72

« 330002 +02

< 31500E+02

INTES DANS L

X

. 34500E+02

« 36000E+02

. 34500c+02

INTZS DRAS L

X

+ 37500E+42

. 390008 +02

. 375002 +02

INTES DANS L

X

. 40S00E+CE

. 42000 +02

. A0S00E+0Z

INTES DANS L
X

TUIVENT

. F000GEYOL

« F0000E4+0]

c-

L 12000E+02

ZLEENT
Y

300002401

« FO000E+0L

ZR5X

ATIITE-O3

. 40306E-03

. 3i634E-03

(%]

12000z +02

ELEMENT

« F0000E+01
. 30000E+0L

. L2000E+02
ELEXENT
¥

< 30000E+0]
. 30000E+0

L L 2000E+02

ELEMENT
Y

6i

X

63

A5X

[AD]

. 38916203

. 32015E-03

TH581E-03

. J0B20E-03

. 23872E-03

. 380S7E-03

£dsX

. 16265E-(3

. 40429E-03

£95X

- 11SB3E-03 -, 2B409E-03

-, L0236R-03 -, 23116E-03

-.9324b2-04 -, 2B348E-03

-, B2072E~06 -, 2B130E-03

-, 1B376E-03 ~.HiBIZE-04

m

]
(S]]
-

-, 7926358-04 -, 2B08%E-~03

-, 6347SE-04 -, ZBIE9E-03

Iy

BAMXY

GAMXY

-, 1436BE-0G3 -, 6BBE1E04

EPSY

- 61B30E~04 -.27:

-, 49445608 -, 2

GRYXY

= 10677E-03 -.35552E-04

£A5Y
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GAMKY

PN DN Gy

PP e ——

L I4144E+C2
143205402
12079402
 1EFBAZH0E
 ZTSEIE+0E
 2TS4BE RIS

. 11655E+02
. 1E973E+H0E
. 95864E40!
. 1065z 492
. 2251102

. 22535402

SIoX
SIGI

. JREB3E+0L
103228402
71313401
. 846402401
 17429E+0E
{74682 +02

L701325+01
82813540
. 48092E+01
65138401
. 12083E+02
12190e+02

P Y ST YW S Y

-, §3650E i
-, 505088~
-, GE529T+
130938 40¢
111352400

- 62b03z-01
=, 378302+00
- 62075201
-, 112842408
. 11486E+(0
« 304632-91

5iay
5ibe

-, 70860E-01
- 116415+
=, 12136E+00
-, 143438+01
. 46786E-0.
. 7BB30E -2

- 10800
-, 137042401
-, 2BILI7EHO
-. 13858E+0:
- 18232E+00

-, cBAS9E (0

R i g e

T
RLvEY

AV O
I
= oS aE+0]
BRI

- TE06ez+00

C3IT7AZ w2

¢ ewi Aol

ThAury
Tptﬁpx

=, A0182+00
LETTRIES)
-, 33756E+01
BBV ON
-, 73960E+00

12028 4=
SdleZzzrus

e
THUR

TAUMAK

-, 3370650
LSThEEE
-, 33827501
WESERS
g i,

[Vu)

w

) n

M €0
-

wr on
m
£

BTN

T
TAUMAK

-, 326 14E 40
RYESEN
-, 340338401
LAZ4TEED)
-, 14665+01

SB2IILTe!
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\ iUt et}
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SONTASN

?.6.

ra

e AT e
L 1BLI0E S

725 DANS L

CONTRINTES DanS L

7.6,

o

« CA0Q0E+2

. 22S00E+02

CONTRINTES ANS L

.6,

n

X

. 23500E+02

ZTH00E+02

. 29S00E+02

CONTAINTES DANS L

0.

ro

3

b

. 2BS00E 02

« 369008 +02

. 2BS00E+NE

OO0 e T
UG A

ELIWENT
FH0GE+01
. 30000E+01
L 120002402

ELEMENT
« J00CUE-0L

. 30000E+0!

. 12000E+0Z

-3

[ ln ]
et <y

-

+ 30000E+0

. 300G0E+0:

120002402

. 300N0E+OT

. 300008 +01

1 2000E+02

PR )
L 7A5RE-(2

Ln
on

=951

. 80516E-03

. 73628E-03

. 5B33E-02

36

- 72183E-03

B3EF4E-03

. 14167E-02

57

. 12500E-02

. 88630E-03

. 1083502

OV T T LA

-, 433285-03 -, SP506E-(s

235y GAMYY

-, 20318E-03 -, 2B424E-03

-, 18585E-03 -. 281i2E-03

o

- 39165203 -, 53604E-04

EPSY GAMXY

-, 18234E-03 -.2B84cTE-03

- .6471E-03 -, 28112E-03

-, 34334E-03 -, 53628E-04

E5Y BRMXY

-, 30827E-03 -.596472-04

ers5vY armxXyY

-. 14068803 -, 2B422E-03

-, .8306E-03 -, 28113E-03

- 2bbB3E-03 -. 537 8E-04
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(SESIIES0 L LIATEMN0 -, T1AGTE00
=

HIZ L 128645400, 2500ET e

516X 51br TALXY
S1a! SiGe TRUMAX

S0378E~01 -, 3410FE+01
L24B11E+02 -, 33133500, 12572802
2OTTE+02 -, 47236E~08 -, 33732E+0!

[ 58]
F-3
-
m
+
Pan)
m
]
L]
Las
~J
L L

O AN

4
L 229B0E+02 -, 500135400, LISRETUL
+00) =, TISI5E+0
00 237108

1
CA7533E+HE L 135!
JATS44EH0Z 1263

516X 5
SIGi 5i6e TRUwAX

. CLBA0E+02 -, BUZAEE-0L =, 4110800
L221632+02 -, 583768400 L LY

L 1ISTTEHO2 - 47227500 -, 33734E+0}
L2018GE+02 - B10952+00 .1
CAZO38E+02 L 13527EQ0 -, TLISSAEOC
CACOAEEH0Z | 12320E+00 L 212IiTe0s

516X SI6Y TRLAY
815t S1Ge TRLMAX

13140402 - B022BE-0] -, 34,098+,
LLF72BE+0c -, S4BLAZ+00 L 118402
LA7QTTE+02 -, 47355E-(1 -, 33735801
ATHTE+02 -, BBTATE+00 |, 320262401
LOTS34E402 |, L3SIEE4Q0D -, TISTREIC
L3TSATZ40¢ L 121460+ L 18713840

Si5X
Slst

[#p)
=<

TRUXY
TAUMAX

w W
— e
o
o

L I6641E402 -, B603I6E—0L -, 34106801
AT3L0EH0E -, 729362400, 0201E0
L 1457780z -, 4801 1E~0. -, 33T35EH0L
LA53IBE40Z -, TBBETIHO0 L 3UE31Ze;
L SZSIEH02 L LIAAZE00 -, TIEBZEHN0
<32043E+0 L 1IBOBE+00 |, 162152 e02
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PN ST SN g Wt

SUBRIUTING S5PACT(ILONG, 14221, 7B, 1023

C = ===z == 22z
c TO ALLOCATS A 3EAL CR INTZ3Z9 TRBLD IN GRYAY VA

C INRPUT

c 1LONG LINGTH QF THZ TQELT T RT LLLLORTID

C (IN RER. QR INTIZER WCRDS)

c [REZL TABLE TViL

C LEQ.C INTEZER

c 200 BRI

c TBL NAME OF THE TRELE (f4)

c QuTRUT

c IDER TABLE TO BZ ALLOCATZD STARTS [n vAIILIZ
(=========z==s==oso=s=ssooosomoo=sTEETooISSISCSSISToToSSITToTSoISITSTISISE

[MPLICIT REAL#B(A-~ G-1)
CHARACTER#4 TBL
COMMON/ES/ ¥, ¥R M3, wDUMMY {3C)
COMMON/ALLTC/NVR, TVR, TVAMAX, NREEL, (DUMPY
COmvoN VAL
DIMENSION “A(:}
EQUIVALENCE (WA(1), AR
DATA ZESC/0. DY/
L
C--———— CALCULATE THE TRBLE _ZNG™H I L WGRDS
ILGR=ILONG
IF(IREEL,EQ.O) TLGR={ILCNG#NIZZL-1)/NREEL
IVAI=IVA+ILGR
L-————— CHECK 1T ENGUGH SPACE IS AVRI_AZ_Z
[F{IVALLLE.NVR) GC 7D 20

Covoness RUTOMATIC EXTENSION OF THE BUANK COMMIY 17 C2R3Z530NDING
C SYSTEM COMMAND EXIST O% THE COWPUTER u:F'

L CALL EXTEND(IvAL, IZRR)

i IF(IERR.EQ. 1) GO 73 0

e WAR=1VA!

c 60 70 20

C-—-—— ALLOCATION £3RGR (NOT ENCUGH SPACT)

10 WRITE(MP,2000) THL, IVAL,NVA

2000 FORMAT(' w##+ 2 _CCATION ZRROR, TABLZ ', A4/' AEQUITD SoRIZ, 19y
I REAL WORDS, AVAILABLEZ SPACE:’, 19, RERL WORLS':

ST0p
C~==-=-~ RLLOCATE TRAHLE
20 IDEB=IVA+!
IVA=IVAL

[F{IVA,GT. IVamaX) Ivamax=Iva

IF(M.BT.0) WRITE(wp 2010; TBL, [DER, [va:
2010 FORMAT(60X,'TABLZ ', R4, ' 3CES FROM VACY,I17,%) " va¢, 7,10
C-——--- INITIALIZE THE ALLCCATED TRBLE “C 1270

1{=1DEB

IF(’REEL.EQ 0) Il=ti1-1renrizls:

2=11+1LONG-1
F(lREEL.ED.O) G0 70 40
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RS W AT Sl Ml Sl Sl M e i A S B W W g e e e e CRNNL i A S/ i il atasgn ’y " T A - - e

K
4

T
»

g D0 3¢ =112
g W VA(=IEL
; RETLAN
1 40 00 S0 =112
g( S0 KR()=0
[ RETUSN
END
L
F SUBI0UTINE VIDE(IDSB, JRET_, TEL
. C zz2zzzzszzzsssmszzoos
S C 70 DELETE A TARLS £90M 44, SDL_CWED Y DIRILCTING
: C INPUT

q c 1DEB TT367 A05ITIGN OF TAELS I I DTLETID

C IREEL TYPE CF TRELE (55T ESVACE)

C TBL NAME OF THZ Tap I (Aq)

f 3.1
}e === =T TS CEToSI=SIoSSTESTS IS TITI=SIC

IMPLICIT REAL#8(A-4,0-1)
CHARACTER#4 TBL
COMMON/SS/*, MR, MD, MDLMMY ¢ 20)

, COMMON/ALLOC/ VR, TVR, IVAMAX, NREEL, NTEL
4 COMMON/LOC/_ XX {25)
| ¢ COMMON VA (1)
C
- {--———-~- GSERRCH FCR TNE FIRST PCSITION OF NEXT TABLE
[1=1vR+t

D0 10 I=1,NTBL
IFLXx(D, L2, 1DEB) GC 70 0
[FALX.Lr Iy =l

10 CONTINUE
C-—- — SHIFT ALL TABLES AFTER THIS
ID=11-1DER

[F{I1.EQ. IVA+L) GO 70 40
D0 20 I-A,-'\‘E‘\.
[F(LXX{D) BT, 1228 Lxx(D=Lxx({}-ID

20  CONTINUE
D0 30 I=1¢,1vR
J=1-iD
3 VA(S)=VA(]
C—-—- PRINT
&) IVA=1VA-iD

[FIM.GT.0) WRITEIMP, 200C) T8, 1D, [DEB
2000 FORMAT(60X,"DELETED TGRLE ', A4, COMFACTING ', 17,7 REAL WCATS oF7Z
IRVAC,IT, )
RETUSN
END
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SUEROUTINE BLIMAG
C= === ====rrrIzzsTssao
c 70 CALL AND EXECUTE ELOCK ' IMRG
C 7O PRINT CUT THE IMABZ ZF DATR CARCS

IMBLICIT REAL#8(A-4,0-D)
COMMON/ES/, %R, ¥P, i, YDUMRY(3)
COMMON/ TRVL/CRRT (200, RDUMY (S023  NULL
DATA 1CAR™/40/

IF(M1,EQ.0) Mi=MR
WRITZ M9, 2000)
2000 FORMAT(///, X, ! TMAGE OF DATR CARDS'/1X,28¢'='}, )
WRITE (NP, 2005)
2005 FURMATI(/
1 SOX,'COLUMN NUMBER,/ 13%CA%0, 81,
210X, 1T, 9%, 72, 9K, 137, 9X, 47, 9N, 150, 3, 1 6Y, BH, 1 T, 9K, 18, /,
3 12X, "NUMBER! , 8X, B(" t234567390°) 7, LEX, 3{"~1),BX, 8010 =" 1)
1CART=0
1CART =0
10 READ(™1, 1000, END=30) CART
1000 FORMAT (204)
ICART=1CART+!
ICART{=ICART 14
IF(ICARTL.LE. ICART™) GO 70 20
WRITE (NP, 2010)
2010 FORMAT (12X, 8{1M-),6X,80 (14, /, 13X, CARD', 9, 5 1234567830 1, /,
112X, NUMBER? 8%, 9X," 17, 31,72, 9X, 73", 3%, "4, 9X, 57, 9%, "€,
2 9%,'7,9%,'8,/,504,'CCLUMN NUMBER)
WRITE (MP, 20:5)
2015 FORMAT(1HL, //)
WRITE (P, 2005)
ICART1=0
20 WRITE(MP,2020) ICART,CART
2020 FORMAT(10X, 110, 6K, 20A4)
80 10 10
30 WRITE(MP, 2010)
WRITE (MP, 2030}
2030 FORMAT(///,514,'SND 0F DATA,/H)
REWIND M1
READ (M1, 1000) CAAT
RETUSN
END
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! SUBROUTNE BLCONMT
C oSS @ETCSSSZS XSS oTSISSSSSITTTTIZIZSCS ===
] | C TO CALL AND EXECUTE B.ICK 'Cov
; C _::_—~_-:=::====:::::::::::::::::::::::::::::: p
IMPLICIT REAL#B(A-H,0-1) ]
CHARACTER*4 BLANC, CART 5
COMMCN /5/%, MR, ¥D, YILFRY (50
COMMON/™3VL/CART {26, DMWY (511D, NULL
DATA BLANC/' '/ 4
c ,
WRITE (M9, 2000) . T
2000 FORMAT(//' COMMENTS'/' 1,100 =i/} .
C-——-- READ A COMMENT CARD -
10 READ(R, 1000) CART
1000 FORYAT (20A4)
C-—--— SEARCH FOR A WHOLLY BLANK CARD
DO 20 1=t,20
IF (CART(1) . NE. BLANG) B0 TC 30
20 CONTIME
RETURN

30 WRITE(MP,20:0) CART
2010 FORMAT (1X,20R4)

60 70 10

END

P——
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SUBROUTINE BLCCOR

e v v e v

[ I B v

70 CALL BLOCK COCR
TO READ NODAL CCORCINATZS

IMPLICIT REAL#Q(A-H,3-1)
CHARACTER*4 THL

COMMON/COCR/NDIY, NNT, NDLN, NDLT, FAC (3
COMMON/ES/*, MR, ¥P, 1, XDLM*Y (3)
COMMON/ALLOC/\WA, UMY 14)
COMMON/LOC/LCORG, LILNG, LDUMNY (23)
COMMON/ TRVL/SACT (30, IN(3), R0U*Y (SL7)
COMMON VA (1)

DIMENSION TBL(2)

DATA ZERD/0., 20/

THIS 1S COYMINTED QUT BECALGE OF T2 G “J372GN CIW9-
ILER BUG SHICH wli. NOT INITIRLIIE SLAEE CRRAVS
THIS ARRAY 1S NOW INTIRLIZED BY A CALL "2 INITE. welln
EXISTS SOLELY TO INITIALIZE “RBLE NAYES,

DATA TBL/’CCRG', DLAC'/ ‘
HERE 1S THE CALL 7O GET AROUND THE TO®O1.I% 5.3

CALL INITBL(TBL,'CCOR’)

ALL OF THIS WAS TO GET AROUND T-& MICROSOF™
CCMPILER BUB

C-——--——BLOCK HEADING

1000
C

10

IF (ML, EQ.O) ME=MR
RERD (M1, 1000) IX,FACI
FORMAT (315, 3F 10, )

DEFRULT OPTIONS

IFCINCDLBT.0) WT=IN(Y)
IF(IN(2).BT.C) NDIN=IN(D)
IF(IN(3).GT.0) NDIM=IN(D)

00 10 I=1,3

IF(FACI (1) AE. ZERQ) FAZ(D)=FRCI(D)
CONTINGE

L-———— PRINT BLOCK PARR®ZTZRS

2000

WRITE (WP, 2000) M, NNT, NDLN, NDIY, FAC, N
FORMAT (//' INPUT OF NCDES (%=, 12,°1'/% 7 18('=")/

1 13X, "MAX. NUMBER OF NQDES (\T= 15/
2 15X, "MAX, NUMBER OF D.C.=. DER MGDE (NN =Y 1S/
3 15X, 'DIMENSIONS OF THE PROBLEM (%=1 1Sy
4 15X, "CODRDINATZ SCALT FACTORS (=al)=',3El 5/
S I3X,'WORKSPACE IN REA- WCALS iNvRY =Y D
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: L-—m-- ALLOCATE S3ACT

1 IF (LCORG. 25, 1) CALL SSAACE (NNT#NDIY, !, "E_ 1), L1083
TF(LDLNC.EQ. 1) CALL ESPRCE(NNT#1, %, "B il LDLN0)

1 C-——— ZXECLTE THE ELOCK

ol CALL EXCOOR (VALCORB) , VA(LDLAC) )

- RETURY
END

SUBRQUTINE EXCOD#(VCORG, XD_\D)

[ep]
{

T0 EXECUTE BLODCK 'Z0OR°
JERD NODAL COCRDINATES

[ar B o I o )

INPLICIT REAL#B(A-H,0-1}
COMMON/COOR/ND 1Y, NNT, NB_N, NDLT, FRC(3)
COMMON/ES/M, ¥R, 0 M2, MDLMPY (D)
COMMON/TRVL/X1(3), X2(3), RDUMMY(SLS)\ULL
DIMENSICN VCORS (*) KILNC (%)

DATA SPECL/1, 23435789031/

c

INITIALIZE COORDINATES
11= (NNT-1) #DI ¥+
D0 10 1=1,11,NDIM
10 VCORG(I)=SPECL
C---——- READ NODAL DATA CARDS
1F (M.67.0) WRITZ (MR, 2000)
2000 FORMAT(//* NODAL'DATA CRRDS' /)
20 RERD(M1, 1000) INt,X{,IN2, X2, \CR, 1DLN
1000 FORMAT(2(15, 3F10.0), 215)
IF(1.G7.0) WRITE(M2,2010) Vi, Y:, 1N, %2, INCR, IDLN
2010 FORMAT(' ))1))!1,2(15,3E12.5),215)
IF(INI.LE.0) GO T 60
C--—-- DECODE THE CARD
IF(IN1.GT.NNT) CALL ERIZURCIL, INI,NT,0)
IF(IN2.GT.NNT) CALL ERRELR(i2, INZ, NN, 0)
IF(INS.LE. O) INE=IN!
IF (IDULN.BT.NDLN) CACL ERREGR (13, 10N, NDLN, O
IF (IDLN.LE.O) IDUNSNTLN
IF(INCR.EQ.0) INCR=!
I1=(IN2-IN1) /INCR
12=IN1+T1#INCR
IF(I1.20.0) 1i=t
IF (INE. N, 12) CALL ERREUR(I4, 1NG, INZ,0)
GENERATE NODES BY INTERPOLATION
D0 30 I={,NDIM
XL(D)=X1 (1) ¥FAC(D)
X2(1)=X2 (1) #FAC:)
0 X(D=Em-x /1
11=0
12=(IN1-1) BNDI¥+!

c
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40

50

132 (INCR-15 #RD0M
DG S0 Iv=IN, INZ, INCR

KDULNC ¢ N+ 1 =LY

IFAVECRB (133, 42, 392000 ALL TTRISALIG, 14 1%, D)
D0 40 I=1,ADI%

VEGRE(12)=h1 (1 +kE (1) #D°

je=tzel

=11+

12=12+13

50 TG a0

(-——— CHECK =3R WI55ING NCD=3

60

70

C

100

TI=NNTHND D%
12=0
13=NNT+1
00 S0 i={,'WT
I1=]1-NDIY
13=13-1
IF (VCORG 11} -8PECL) 79,80, 70
IF(12.EG.0) 1221
80 T0 %0
IFI2.EQ.0) CALL TRRZHR(16,13,73,0)
IF(12.NE. 0) CALL ERRELA(17,13,13,1)
1 }I E
IF (12, NE.NNT) CALL ETREUR{:S, T, 12,01
TOTAL NUMBER CF [.C.F.
NDLT=0
T1=NNT+{
0 100 1=2,11
NDLT=NDLT+KDLNC (1)

C-m— uTeg?

2020

2030

110
120

IFM.LT.2) GJ TO {20

WRITE(¥P,2020)

FORMAT /10X, '8002 D.G.7. 7, S0 P00, LY Lk 0 /s
I1=1

12=NDIM

DO 110 IN=1,\NT

WRITE(MB, 2030) TN, DLNC(IN®Y), (VCDRG (D), 1=1L, 12}
FORMAT (10X, 215, 3E12. 5)

[1=]1+NDIM

[e=12+NDIM

RETURN

END
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I SURRQUTINE 3LDLAN

: C - SIS S IS S o C- TSI IS ESSZzLZITTTIszZaz==cC
r c T3 CALL BLOCK 07w

i ¢ T0 READ NUMBZR OF D.0.°.

., C AR T I C TSSO - IZCSSIZI-IC-ITTIZzZZIIZSIzZzzTzZ -z
. IMPLICIT REAL#B(A~X,0-0)

. COMMON/ES/™, ¥R, %P, %2, #DU¥mY {3)
r COPMON/LOC/LCOAG, LDLNG, LDV (23;

b COMMON VA(S)

; 4 C _______________
. IF (M1, EQ.0) Mi=MR
T WRITE (%5, 2000) ¥
v 2000 FORMAT(//* INBUT OF D.O.F, (=", 12,100/ ' 700y

: CALL EXDLPN(VA(LDLNC))
f& RETUW
| END
g
}
4
C
.
b
3

.
3
b
b
h
“_.

®

°
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SUBRGUTING EXDLONGHDLNG)

C TQ EXECUTE BLOCK '3\

c TO RZAD THZ NUWESS CF 0,3.°. =23 &{D2

C===z====== TSN ESISSTITESITITSSISSITISS == ===z
IMIICIT REAL#BIR-H,C-1)
COMMON/COCR/ND DM NNT NDUNGNDL T, PN e 3)
COMMON/ES/ W, YR, M0, M1 ¥DLMMV(5)
COMMON/TRVL/K: (15), RDUMMY (G4
DI¥ENSION KDINC(#)

g ‘
IEM.G7.0) WRITE(¥D,2000)

2000 FCMAT(//'GROLP CF D.O.7.' )

C-——--——- READ R GROUP CARD
10 READ (M1, 1000) IDLN KL
: 1000 FCRMAT(1BIS)
IF(M.GT, 01 WRITE{1P, 2010) I0LN, A
2010 FORMAT( )i, 1E15)
IF(IDAN.LE.0) 30 7T 40
IF{IDLN. BT, NDLN) CALL SRREUA(E!, IDLN,NDLN, D)
—————— §7T0R2 D.0.F. NUMBERS
0 D0 30 I=1,15
J=Ki(l
IF{J.LE.0) GO 7C 10
IF(J.GT.NNT) CALL ERRELR{22,J,8N7, 1)
30 KDUNC (J+1)=1DLN
| READ (M1, 10:0) K
1010 FORMAT(SX, 1515
IF(M,BT.0) WRITE(MD,2020) K1

€2

[£X]

2020 FORMATLY 1)), 5K, 1505 !

60 70 20 S

C-———— TOTAL NUMBER OF D.7.°, ¥

40 NDLT=0 .1

, J=ANT+1 3

00 50 1=2,I

S0 NDLT=NDLT+XOLNC(D)
RETURN
END

L
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SUBRIUTIANE B_CCND

Cissszzsssssssssssssssssssssssssssssscsssszsszesssszszszscszsssssssios
C 7O CALL BLODK 'COND!
C 70 354D BGUNDARY CONDITITNG AMD 3INZIA7T T0E_Z N\l
C === ==z== === ==
IMPLICIT RERL*B{A-H,0-1)
CHARRCTER®4 TEL
COMMON/CI0R/NDT, AN, NDLN, NDL T PACL (3,
COMMON/COND/NCL T, NCLZ, NCLNT
COMMON/ALLIC/NVA, TV&, JDamY (3)
COMMON/ES/M, ¥R, ¥D, 1, WDOMNY (3}
COMMON/_EC/LC0RB, LDLAS, AT3, D13, ZDJMMy (20)
COMMON VA1)
DIMENSION TBL(&)
g
Ce++  THIS 15 COMMENTED QUT BECAUST 7 =2 #5733
C+++  1LER BUB WHICH wiie SCT INITIALIZE ELESST A
Cet+ THIS ARRAY 15 NOW INITIALIZED BY A CA._ 7o I\
Ce++ EXISTS SOLELY 70 INITIALIZE TABLE NA¥EC,
C
C DATA TBL/'NEQ '.'DIMDY/
c
C HERE 1S THE CALL 7O GET AROUND T-2 CCMOILER ELG
c
CALL INITBL(TEL, 'COND'
c
Cew+  ALL THIS WAS SINPLY T3 BT ARDUND “<E 10305077
Cos+  COMPILER BLG
c
C
IF(M1,EQ.0) M=
WRITE(MP, 2000) *
2000 FORMAT(//* INPLT CF 30UNDRRY CONDITIONS (M=',12,°)'/' ',

t 330=) )

IF(LNEQRL EQ, 0) CALC ESPACE (NDLT, 0, TEL (1), NER)
IF(LDIMP.EQ, 1) CALL ESPACE(NDLT, !, THLIZ), DIMPY
CALL SXCOND(VAILCOAG), vRILDLNG) , ¥AILNED) , VA(LDIYR))
CALL VIDE(LDIMP#NCLT, 1, TBLIZ))

RETURN

END
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SUBRGUTIND ZXCOND(VELA3, DN NS VIS

7O SXZCUTE BLGEK 'COND?
RERD BCUNDRRY CONDITIONE AND SENERALE TRZLZ (MEQ

) O

IMALICIT REAL#S (A-H,0-D)

COMMON COOR/ND T KT NGIN SILT, PN L (3)

COMMON, COND/NCLT, NCLT NCLRT

COMMON/RESG/ Ned, NFILLR(2)

COMMON/ES/ %, MR D, ML, DUMMY (5)

COMMON/TIVL/ KV (18),V (10}, 4(20), ICOD (20), RDUM¥Y (473}, NULe
DIMENSION VECORG(#)  KOUNC t#) (KAZD (%, (VDIXS(®)

DATR L7/7/,L8/8/, 0/ 16/ (k176900007 ¢ X2/ 00 D06/ X3/, G004, 1

23576, 30

C-—--— CUMGLATIVE TRBLE XDLNC
DD 10 IN={,NNT
10 KDLNE{IN#1)=KDLNC (IN) +4DCNC (IN+ 1
T{=NNT+L
IF(M.BE.2) WRITE(MP, 2000} (KDLNCUINY, IN=4, ID)
2000 FGRMAT(//' NUMBER 0F D,0.F. PECEDING EACH NODE  (DAD)
LUX, 101100
C----— INITIRLIZE
NCLT=0
NCLNZ=0
NCLZ=0
IF (.55, 0) WRITE (XD, 2050)
2010 FORMAT(//" BOUNDARY CONDITIONS CRRDS'/)
C-—-——-— READ A B.C. 3ACL? CARD : 10 CODES + PRESCRIBED VAL.
20 READ(M{,1000) ICOD, (V(I},I=1,L7)
1000 FORMAT (1011, 7F10.0)
IF (M.BE. 0) WRITEZ(M2,2020) 1COD, (vill,1=1,17)
2020 FORMAT(' ))1))', 1011, 7E12.5)
C-——— CHECK FOR A BLANK CAAD
I=0
D0 30 I=1,10
30 J=I+ICCDCD)
IF3.20.0) 60 TG {10
READ ADDITIONAL CARD IF AEQUIRED
12=0 v
IC 40 ID=1,NDLN
IFCICODAID).LT.2) GO TG 40
le=12+
IF (12, \E.L8) 60 D 40
READ(ML, 10101 (V(I), 1=(8,NDLY)
1010 FORMAT (10X, 7510, )
TFMLBE.0) WRITE(Y,2030) (VD) T=_8,\D_\)
2030 FORMAT( 1)I))', 108, 7E1Z9)
4 CONTINGE
C-—-—- 7EAD NGDE CARDS
S0 QERDML, 10301 (KVUIN), IN=!,L16)

C
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1020 FCR¥AT(161%)
IE(M,5E, Y WRITT (W2, 20600 (41INY, INTL, 16
2040 FORMAT(Y )3)3i?,108,:815)
Lo FORM NEQ
33 100 IN=1,L6
12=XV(IN) 4
C-———— CND OF GROUP 0F B.0. 02 ND 07 uCDES £ 4\ALYElS 17 9 NDOT
IF(12) 20,29,50
60 IF(I2.B7.NNT) CALL Z3REURI3Z, 12,%W7, 1) 1
[1=KDLNC(I2)
IDN=KDLNC 1241 -1
L-——m- BENERATE VDIME, T IT IN ANIZ {ThE PRIACHISED LLI.7, ©LDFEE
V=0
00 30 I1D=¢,IDN
[i=1i+t
1C=1200 (1D -t
IF(IC 90,70,80
70 NCLT=NCLT+!
VDIMP (NCLT) =1ERC
NCLI=NCLZ+!
KNER(IS)=-MCLT
G0 7O %0
80  NCLT=NCLTe!
v=1v+1
VDIMD(NCLT =V (1Y)
NCLNZ=ACLNZ+!
KNEG(T1)=-ATL™
%0 CONTIMGE
100 CONTINGE
C-—-—— ADDITIONAL IR OF NODZ ALMRERS

el e

50 T2 50
C-———— GENERATE SQLATIIN MLYEEIS I\ AIS ]
110 11=0

DO 150 IN={,NNT

TD=KDLNC (IN)

120 ID=1D+1
IF(ID. GT.4DLNC(IN#+1)) GO 50 150
IF(KNEQUID)) 120,130,120

130 11=1i#f

KNEQ (ID) =11

60 70 120
130 NTINUE

NEQ=11
C——- OUTRLT

IF(LLT.0) 6O 70 170
WRITE (P, 2050) NNT,NDLT, NG, NCLNZ,NCLZ, NELT
3050 FORMAT(//

1 15X, 7 T3TAL NUMBER (7 \G<5 ANTI=Y LTS
2 15X,'TGTAL NUMBER OF D.0.F. (NLDY=?, 1S
3 19X, "NUMBER OF CQUATIONG 7J BZ SCLVED (NEGH=Y, 1T/
4 {SX,"NUMBER OF PRESCAIBLD \ON 2870 D.C.-. (NCLNY=Y I
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AJX.‘7DTRL NUTBE1 CF JQ:Su Je 3 5T {
IF (M. 6E. 2, AND.NCLT. BT 0} wRITZ (M P,L~cu VO R DN
2060 FUAMAT(//) PAESCRIBED VALLUES (VOIMEYM'//00x,li2in

WRITZ (MR, 2070)
2070 FORMAT(//' NCOAL COCADINATZS ARARAY' -/
GO ND LY ST, SEN YL 12, 0D 0K, T ERATION AYESR
ZINEQ) ')
12=0
DO 160 IN={. WNT
Ii=]e+1
12=12+8D 1M
IDA=HOINC(IN) +1
1D2=KDLAL { N+1)
1D=1D2-1Di~1
IF(IDe. 7, 10 122=10
X1=VCGRG (1)
IFINDIM. GE. 2) x2=viZ3G(i1+])
[F (NDIM.GE. 3) £3=%C335(11+2)
160 WRITE(MP,2080) I\, 1D, X1, 12, %3, {(KNEQ(D), I=1D1, 1D2)
2080 FORMAT (1), 215, 3€12,5, 10X, 215}
{70 RETURN
END
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z T3 QAL BLilK et
C T2 READ NODAL QCPERTIZZ

IMPLICIT REF #8(A-~,G~1)
CHARRCTZR*4 Th_
COMeON/CCOR/ND I NNTONVCLL () PNULLAS)

COMMON/ PRND/N2RN
COMMON/ES /2, 13, ¥5, 24 WTU¥HY (3
COMMON/LOC /LXK (i, JPAXG, LO_¥Y (20)

COMON vA(D
DATA TBL/'EANG'/

3

IF (ML, EQ0) Mi=mR
READ (M1, 1G00) NARN
(000 FORMAT (IS

WRITE (M2,2000) M,NPAN

2000 FOIMAT//' INAUT OF NODAL PROPERTIZS (M=',I&, ')V /' " Z6iv=i

L 15X, "NUMBZR CF PRCFERTIZS PER NODE (NIR=T D5
SF{LPRNG. £Q. 1) CARLL ZBPACT(NT#NDAN |, TEL, L5NG)
CALL EXPRNDIVA{LPINGI)

RETURN
EXD

SUBRCUTINE EXPRND (VPRX

(o]

70 EXECUTE BLOCK 'PAND?
READ NODAL 9R0PZRTIZS

€3 3 O3 ¢

[MPLICTIT REPL#B(R-%,3-1)
COMMON/COOR/NDIM, NNT NNUL 120, ANGLL 3
COMMON/PRND/NPRN
COMMON/ES/", MR, MP, ML, ¥DuYYY (3)
DIMENSION VRRNG(#

C -
Lo RERD PROPERTIES \CLEWISE
T1=NNT#NPRN
READ (M4, 1O0OY (VAANG (D}, I=!, 14}
1000 FORMAT(BFI0.0)
TR, GE.O) WRITEMP, 2000) (VPRNGID), 154, 11

2000 FORMAT(//' CRADS OF NODAL PROPERTIES'/ (' 1)i)i',BE.2.31)

RETUAN
END
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man T LTI oy,
NIRRT, T, NITENT, MNule

y
<
oMy M REDT/IL, TR, ITOEL IR, IDLE, 1, DAANE, DPREE, INEL, 1026, 133
: .i:CE.V!;_(3)
R .ﬁD vj'yi‘y: ALY ( a)

“.“C\:"\ ST VDIMP e KLOCE (%), VCORE (%) WERNE (%) VPREE (#),
LOANDiE) GKE(ED, #) VG5 (01 VASD (0) VAR i¢) VPG Ie) (VDL (#)

A.VS_’
RN ZLIMENT FROe FILE Y2

9w ALSCE, VCERE, vD«N:.vHQ__..‘ )
Cmmmmees SVALCARTE INTERTOLATION FUNCTIONS IF REGUIRED

T7d LI4,07820 80 T
R
LolD
TAo ELIW_BVLIAT, VARNE, VRREE
e ZURLATE ELEWENT VECTCR
B/2032, VARNE, VOREZ, VDLI, VHE, vEE)
L SEINT ZLIMENT VECTCR V'E

TTiwonTon
UL ERL L

ARLTE
"i*u"/' ECTCH (FE) ELC“ENT:’ i3

ShLe AZZZoi0, 1, IDLE, NS HLOCE, <Dy VHE
i 17 PE =ITPE

]

CiRE5, VKRBT, vAET Ve
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M L SST omrmnT D
M e _Lunyvilen, 2

VIZRE, <2 ND EANER

R Tty

SNCTID

f’flff?"‘ﬂ*ﬁﬂqmﬂﬂ\ME

e

LI NIIS AT ILLR

«vvf\/--/y y1 ¥o Y *J YDLH‘VKS‘

=IZ! J(f),vD V \*),xb,L-‘*) VEZ3Tie) vRANT (#), vIRTT (R
POVKE L #), VFZ#), VRBE () VBT R VKGI (#), VR (%) VEGRG
Sohe *‘ dis}, ’,_S’f),Vu_:.

~r

- - - o gam pgm iemm e e
oo ASTSALD, VDIWP, ALCCE, VECRD, VORNT, VRRCE, ANT, V4D VR, vebE,

L BT VHGE, VRS, VILE, VRES)

oemeees LT
TTMIID WRITEOND,2000) (VFBIDY, I={,NED)
T0TOTCAMETL GUCBAC LORD VECTCR (FH)'/ 00X, L0E1 S0
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Cz=====
c 7O CALL BLECH 'STLR
z T3 RS5zYELZ J.STR;:U-:S LORDS {ZLIMENT FUNCTION )
T =
IMPUICIT REAL#3{R-A, 3-1)
CHRIACTER#L TEL
ZOVAON/CICR/NDIA, NNT NDLY, NDLT, FNULL (D)
COMMON/ELIM/NCLL(4) "B, MLLL ()
SO ON/GSSE/NSY # NRD, NRE, MOLE
”‘”C\/FESC/‘tQ.ﬁiES MRES
CWRONJZS M, AR, Y el 2, ADUMMY (8)
AN /l::/—:ups,_Jb\LqLN:U.-D¢yp._pWNG|upQuJ.gLunLOCEq;-JQE.-N--
LR, SRREIE LD LKE, LFE, LKGS, KD, L KBI, LFB, LREE, LDLE, LOUNMY (4)
TOMYON VR(L)
JIYINGICN THEL(8)
Jeee “418 15 COMYENTED UV BICACSE 7 TrHE ¥5 FORTRAN COMP-
Css TLER BUG WRICH WILL NOT INITIALIZE $LARGE ARRAYS
T-t+ T4I5 ARIAY IS NCW INITIALIZZD BY R JRLL 70 INITEL wHICH
Je+t SXIS73 SOLELY 73 INITIALIZZ TASLZ NAMES.
L
z DATR TR_/YEE Y, MAE T OFE Y VDLE Y, TKES T, P4ED Y, BT Y,
c TOTRES '/
e <232 13 THZ ZALL TG 627 ARDLND THE COMPILER BUG
>
CALL INITBLATRL,'SOLRM)
C
Tree ALl THIS WAS SIM3LY TD BT ARCUND THE MICROSCFT

Crsr COMPILER BUG

'F (M1, EQ.9) W=}
(2, 2Q.0) M2=NE
uRI”E(MD,:OCO) X
000 FOIYAT(//' ASSEMBLING OF DISTRIBUTZD LJADS (M=", 12,
LA e0 =N
IFI_F5,ED. 1Y CALL ESPRCEINEG, 1, TBL(D),LFG)
IF(LKELEQ. 1) CALL ZSPACE(NME, !, TEL(2),LKE)
’:n FELZ@. 1) CALL ESPACE(NDLE, !, TEL(3),LFE)
{LDLE,EQ. 1) CALL ESPACTINDLE, 1, TBL{4),LDLE)
-(L(GS.:Q.J) CALL Z52ACE (NG, !, TBLIS),LKGS)
FLABD.EZ. 1) CALL ESPACEINEG, &, TEL(B),LKGD)
.-IN3V* i AaD, LABTLEGL 1 CALL ESPACE(NKG, 1, TBLI7
TF(L3ES,EQ. 1) DAL Z59ACEINDLT,:, TBL(8),LRES)
uL__ TASTLIVACLD) VALLD YD) VRILLGES) , VA(LLCCRE) ,

Yy

), H6TH

(LPINE)

VRILPREE) VA (LNE), VRILKE) , VA(LFE) VR(LKuS) VA(LXGD) ,

z VQ(-faI).vQ(LFG),vR(LCCR" VRLDLNG) VA
3 VR{LRES}, VA(LDLE) !

RoTURN

s

N~

179

(LNEQ)

L

it i

A inn

1.

Y




SUBROUTINE EXSGLE (V=5, KDLNC, 4\EG)

70 EXECUTE BLOCK '5GLCY
READ CONCENTRATED (GADS

[ar B S B o B 9]

IMPLICIT REALHS (Fi-H,G-1)
COMMON/COGR/NDIM, NNT, NDLY, NNGLL, NULL (3
COMMON/RESD/NEQ, NFILLR (2!
COMMON/ZS/M, ¥R, M9, n1, WDUMMY (3)
COMMON/TRVL/KV(16) , V{14) , RDUNNY493) N1
DIMENSION VFB(#) KDLNC{ ¥}, <NEQ(®)

DATA Li6/16/

c
C———— RERD DATA
IF (M, GE. 0) WRITE (NP, 2000)
2000 FORMAT(//' CARDS CF NCDAL LORDS'//)
10=MINO (7, NDLN)
10 READMML,1000) 15, (V(I},1=1,10)
1000 FORMAT (15, 7F10.0)
IF (NDLN, 5T.7) READ(M1,1005) (V(I), 1=8,NDLN)
1005 FORMAT (5K, 7F10.0)
1F (. BE. OYWRITE (WD, 20101 18, (V{1), I=1, NILN)
2010 FORMAT(! )))))? IS, 7E12.5/(" 111!, 5X, 7EL8.5)
IF(I6.LE.0) 50 TD 60
20 READ(M1,1010) (AV(I), I=1,L16)
1010 FORMAT (1615)
IF (M. BE. 0)WRITE (X9, 2020} (4V(1), I=1,2:5)
2020 FORMATLY 1))))?, 1615)
C-——— DECODE NCDAL DATA
D0 50 IN=1,L16
T1=KVIIN)
IF(14.BT.NNT) CALL ERRTURIBL, 14, W5, 1)
IF(11)10,10,30
30 IDI=KDLNC(I!)+1
ID2=KDLNC (1. +1)
J=0
D0 50 1D=1D1,102
J=J+
IEG=KNED(ID)
IF (1E0)50, 50, 40
80 VFB(IE@ =VFGLIED «V (D)
S0 CONTINGE
60 T0 20
C— OUTPIT
B0 IF(M.BE. 1)WRITE(MD, 20301 (VF5(D), I=t, NED)
2030 FORMAT(//' TOTAC LOAD VECTGR! / (10X, [0E12,5))
RETURN
END
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SUBROUTINE ADELZM(ME,KLOCE, VEIRE, VOANZ VEAZE, <v)

RZRD ELTMENT PROPERTIZS FARGM FILE Y&

1]
"
"

IMPLICIT REAL#E(A-H,C-1)
COMMON/RBDT/IEL, ITPE, [TPEL, IGRE, IDLE, ICE, [I3NE, 1PREE, INEL, NLL (6)
DIMENSION KLOCE (¥) , VCORE (%), VPRNE (#) , VPREE (), ¥XE(#)

RERD(ME) IEL, ITPE, IGRE, IDLE, ICE, IPRAE, IPREE, INCL,
1 (KLOCE (1), 1=4, 1DLEY, (VCOREAD) , 1=t, 126D,

2 (VPRNE(D), I=1, IPRNE), (VAREE(I), 1=1, ZPREE),
3 (KNE (1), I=1, INEL)

SUBROUTINE BLSOLC

pnnr‘:

TO CALL BLOCK *SOLC?
TO READ CONCENTRATED LOADS

INPLICIT REAL*B(A-H,0-1)

CHARACTER®4 TEL

COMMON/RESD/NEG, NFILLR(2)
COMMON/ES/Y, 4R, MP, X1, MOLMMY (3)
COMMON/LOC/LCORG, LDLNG, LNED, LXX (15) , LFG, LOUMMY (6)
COMMON VA(1)

DATR TBL/'FG '/

2000

IF (M1,ED.0) M1=¥R
WRITE (4P, 2000) M

FORMAT(//' INPUT OF CONCENTSADED LOADS (=',12,°)'/' ",
1 390='))

IF(LFB.ED. 1) CALL ESPACE (NEQ, !, "Be,FB)

CALL EXSOLL (VA(LFG), VA(LDLNC) , VA(LNER) )

RETURN

END
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SUBROUTINE DRELZAM(KLITZ, VIORT, WEINT, V92T, ANE)

PRINT DATA DEFINING AN ZLIYINT

Lo B o N o]

IMPLICIT AzAL#8(R-4,5-1}
COMMON/ PRN/NERN
COMMON/PRZL/NBAE, vAAZ

COMMON/ES/ M, R, MB, KDUMAY {1
DIENSION KLOCE (#),VCORE (s}, VRRNE (#),VAREZ [#), ANC (#)

(]

c030

2040

2030
10

C-—

IF (M. BE. Q) WRITE(MP, 2000) IEL,ITPE, INEL, IDLE, IPANG, 1PACE, 1331

FORMAT (10X, ' ELEMENT:?, 15,7 TYPE:®, 12" N2 1!, 18,' D.L.F.1',
13,' N. PROP:',13,7 EL. AROP:',I3,' GROLP:',id)

IF(M.5E.0) WRITE(MP,2010) (KNS(D),I=t, INEL)

FORMAT (15X, ' CONNECTIVITY {NE)',2015/(33X,2015))

IFMLLT.1) 63 T0 10

WRITE(MP,2020) (XLOCZ(1), I=1, IDLE)

FORMAT (154, *LOCALIZATN (LOCE)?, 2015/(32Y,2015))

WRITE (MP, 2030} (VCORE(D), 1=1, ICE)

FORMAT (15X, * COGRDINATES (CORE)? , 8E12. 5/ (X, BE 12, 5))

IF (NBRN. GT.0) WRITE(MP,2040) (VPRNE(D),I=1, IORNE)

FORMAT (15X, ' NOD. PROP,  *"RNE) , BE12. 5/(38X, BE1E, 5))

IF (1PREE.BT.0) WRITE(MP,2050) (VPREZ(D),i=1,.PRED)

FORMAT (15X, ' ELEM, PROP, (PREE)' ,BE12. 5/ (32X, BE12,5))

RETUSN

END

SUBROUTINE WRELEM(ME, {LOCE, VCORZ, VANE, VIRES, “NE)

WRITE ELEMENT PROPERTIES N FILE »E

IMPLICIT REAL#B(A-H, 0-1)
COMMON/REDT/IEL, 1TPE, 1TPEL, 16RE, 1DLE, 105, IPANE, IPREE, INEL, VULL(B)
DIMENSION KLOCE (%), VCORE {#) , VPRNE (#) , VOREE (#) , KN (¥}

1PRNE1=1PRNE

IF (IPRNEL.E0.0) IPRNEL={

IPREE 1 =1 PREE

IF(IPREE1.20.0) IPRSE1=t

WRITE (ME) IEL, ITPE, IGRE, IDLE, ICE, IPRNEL, IPREEL, INEL,
(KLOCE (1), I=1, IDLE), (VCORE(D), =1, ICE),
(VPRNE(1), I=1, IBRNEL) , (VPREE(]), i=1, IPREE1),

3 {KNE (1), I=1, INEL)
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SUBAOUTINE X™F2L¥¢I52%, VEIRS, vITAG, VPAZS, < A3, 41175, VIRNT, v 3922

70 BENERRTE £LZMENT C[CORDINATES A\ 2337237138 -3¢
GLOBAL ARRAYS
(16P£: GROUP NUMBER FOR SLCMENT PRGFERTIZS)

[ 2 or TN o Y o N 40

IMPLICIT REAL#B(A-H,0-1)
COMMON/COOR/NDIM, NNULL (3}, ENULL (3)

COMMON/PIND/NPRN

COMMON/PREL /NGPE, NPRE

COMMON, RBDT/NUL (51, 1CE, IEANE, 1PRET, INEL, T5UMMY (8)
DIMENSION VCORG (%), VBRNG:#) , VOREG (#) ,KNE (¥} ,VOORE (%),
L VPRNE (%), VOREE (#)

c- GENERATE ELEMENT COORDINATES
1PRNE=0
ICE=0
D0 30 IN=1, INEL
IC=(HNE(IN)=1) #NDIM
DO 10 I=1,NDIM
ICE=1CE+1
1C=1C+!

10 VCORE (ICE)=VCCRG{ D)

C~———— [BENERATE Z_EMENT NGOAL PROPERTIES
[F(NPRN.EG. &) 60 0 20
IC=(KNE(IN)-1) #N3RN
DQ &0 I=1i,NPRN
IPRNE=1PRNE+]

IC=1C+1
20 VIARNE (1P3NE) =VING (1)
30 CONTINLE

C~———— BENERATZ E_I¥ENT PAOPERTIES
IPREE=0
[F INPRE. ZQ.O) GC 73 50
10=(1GPE-1) ¥NPRE
DO 40 I=:,AN7R%

IPREE=1FPREE+;

! IC=]C+t

e 40 VOREE (]PREZ)=VI3C5!ICH
S S0 RETURN
; )

Y
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SLARGE
SNOFLCATCALLS
SUBROUTINE LOCELD (KDUXC, KAE, {\EG, X-C2E, 4.5

TH FORw THE ELCENT _CCALIZATIGN TRABLE (LOCD)
RND UPDATE COLUMN FZIGFTS FOR A SIVEN ELEMENT

ﬁ‘:t‘sno

REAL#8 FNULL

COMMON/COOR/NDIM, NNT, NNGLL (2} FNGLLE 3D
COMMCN/REDT/NUL (4)  IDLE, NULL(3), INEL, 1DUMRY (5)
DIMENSION KDINC (#), XNE(#) ,KNEQ (%), KLOCZ (#), < D(%)
DATA NDLMAX/ 32000/

c
C-—~—-—~ GENERATE XLCCE FROM ¥NEQ
IDLE=0
LCCHIN=NDLMAX
D0 20 IN=!,INEL
INN=KNE (IN)
IF CINN.GT.NNT) CALL ERRELR(56, INN/ANT, {
TEG=KDLNC (1NN
IEQ1=KDLNC (IMN+1)
10 IF(IEQ.GE. IEGL) E0 T2 2¢
1EQ=1EO+1
IDLE=IDLE+1
J=KNEQIED)
KLOCE(IDLE)=T
IF(. U7, LCORIN,AND, J. 6T ) LOCYIN=T
60 10 10
20 CONTINGE
UPDATE TRBLE 0F COLUMN HZIBHTS (41D)
D0 30 ID=1,IDLE
J=4ALCCE(ID)
IF(J.LE.O) GO 70 30
Th=J-L0CYIN
IF(IH. GTLKLD(J+1 )LD (J+1)=]H
30 CONTINUE
RETURN
END

C
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80  IF(IELT.NE,AELT) CRLL ERRSUR(E7, IELT,NELT, 1)
femm——  DRINT BAND HEIGHTS
IMA=0
I¥C=0
11=REQ+]
D0 90 I=2,1!
J=H{LD(I)
IF (.37, 1¥A) IMR=]
20  IMD=IXC+J
C=1M0
C=C/NEQ
WRITE(#2,2030: C,I¥A
2030 FOAMAT{/1SX, 'MEAN BoXD SEIGHT=', €8, 1,7 wailen=', 15
IF(M.BE.2) WRITE(MP, 2040 (MLD(D), I=L, 1)
2040 FORMAT(//' TABLE OF BAND =2.5<72'./ 110X, 20151}
C-———-— TRANGFORM KLD INTQ ADDRESGZS IF Z3_i™v T0P TERM
IF (NSYM. EQ. 0) NKZ=(NDLE#(NDLE+1);/2
IF (NSYM.EQ. 1) NME=NDLE#NDL
(1=1
DG 100 ID=2,I1
100 KLDCID) =KD {ID-1)+KLDAID)
NKG=KLD(I1}-:
IF(¥,65.2) WRITE(MP, 2050) (KLDAID), ID=t,10)
2050 FORMAT(//' TRBLE OF ALDRESSES OF COLUWN TOP TER¥S (LDMY/
1 (10X, 2016))
RETURN
END
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N0
0
b
b IFCIEL) 80,60,20
:\. C-~——— NUMEER OF \ODES AND ADDITIONNAL CARDS AS COLIRTD
b 20 INEL=0
1 it=t
'R 12=110
30 DO 40 IN=It, 12
S IF(KNE{IN).EQ.0) BO 70 SO
: INEL=INEL+!
40 CONTINUE
I1=]2+}
[Z=11+115
READ (M2, 10000 (ANELINY, IN=11,12)
IF(M.BT.0) WRITE(MP,2019) (KNE(IN),IN=1:,1E)

60 10 30
- CHECKING
S0 IF(INEL.GT,NNEL) CALL IRREZT(S:, NI, WL, 1)

IF(INCR.EQ.0) INCR=1

IF (ITPE, EQ, s T730=NTOE

IF (IGPE.GT.NGPE) CALL ERRTLR(S3, IZ7E,A3%E, 1)

IF(IGPE.ED.0) 1GPE=!

IF (IGRE. GT.NGRE) CALL ERREUR(S4, I38E, NGRS, !}
C-———- ELEMENT BENSRATION

IF (1GEN.EQ. 0) IGEN=%

D0 70 1E=1, IGEN

IF (IEL,6T.NELT) CALL ERRELR(SS, IS, AELT, 1)
C--———— GENERATE KLOCE AND UPDATE HLD

CALL CCELD (KDLNC, §NE, KNED, %.0CE, 4.5}
C—-—— GENERATE ELEMENT CODRDINATES AAD PRCPERTIES

CALL XTRELM(IGPE, VCORG, VPG, YDRES, KNE, VCORE, YIRAE, VRSSE)
CHECK ELEMENT NODE NUMBERS A\D 0.0.°.

1P60=0

1CODE=1

CALL ELEMLB(VCORE, VPRNE, VPREE, VLS, VXZ, vFx]

IF (INEL. ED. INELO. AND. IDLE. EQ. IDLEQ) 50 70 <5

WRITE(¥P,2020) €., INEL, INELO, ID.E, IDLE
2020 FORMAT(® #& ELEMENT?, 1S, INCONSISTENT'/SX,'INEL=',la,' INELG=', 'S

1/ 5X,'IDLE=",IS," IDLEO=',!S)
C—-—— UPDATE TOTAL NUBER OF INTEGRATION 9QIN'S
S5 NPG=NPG+!P80
C-——— STORE ON ELEMENT FILE

CALL WRELEM (M2, KLOCE, VCORE, YPANE, VPREE, YNE)

IELT=1ELT+1
C-———  PRINT ELEMENT CHARRCTERISTICS

CALL PRELEM(KLOCE, VCCRE, VARNE, VPREE, <NE)
C-——— NEXT ELEENT 70 BE GEINEPQTED 02 READ

D0 60 IN=1, INEL
B0 KNE(IN)=KNE (IN)+1ACR

IF(IDUE.GT.NDLE) NDLE=IDLE
70 IEL=lEL+

60 T0 10
C-—-—— CHECK IF TOTAL NUMBER OF SLIENT 15 EXCEEDED

c
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S 15¢,'INDEX FOR NON SYMMERIC DRCE.Z®  (NGyw)=', 7%/
& 15X, INDEX FOR IDENTICAL SLEMENTS  (\IDINTi=',15/)
TF(LLD.EG. 1) CALL ESPACE (NEG+1,0,TEL 111, id:
IF (LLOCE.EQ. 1) CALL ESIACE {NNELENDLN, 5, TRL{&), 03}
IF(LCORELED, 1) CALL ESPACE (NNEL#NDIY, 1, TBL(3), C0RE!
IF (LNE.Z0. 1) CALL ESPACE (NNEL, O, THL(4),LNE)
IF (NPRN, GT. 0, AND. LPRNE. €0, 51 CALL ESPACE (NNELRADAN, &, THL{S), _2%N3)
IF (NPRE. 5T. 0. AND. LPREC, 22, 1) CALL ZSPACE (NPRE, 1,73, (5), .2%2E)
CALL EXELEM(VA(LCORG) , VA(LDLNG] , VA(LPRNG) , VA (L3RES: VA ILLOZES,

1 VALLCORS) , VALLNE) , VALLPRNE ) , VR {LPRES Y VALLNEG) , VR(_LDi
WRITE(MP, 2010) NKG,NPG

‘ 2010 FORMAT (15X, YLENBTH OF R TRIANGLE IN 4B (NKB)=*, 13/

- { {5X, 'NUMBER OF INTEGRATION PGINTS INPG) =Y, Tl

& RETURN

* END

SUBROUTINE EXELEX(VCORB, XDLNC, VRNG, VIRZ3, 4.07E, vCGIZ, 4\E, VARNE,

[ 1 VBREE, KNEQ, KLD)
C —_—
C 1O EXECUTE BLOCK 'ELEW
' o C  READ ELEMENTS DATA
b
C =o=== ==s===z==
, INPLICIT RERL¥B(A-4,0-1)
{ COMMON/COOR/NDIN, NNT, NXLLL (2) , FNULL (D)
COMMON/ PRND/NBRN
COMMON/ PREL/NGPE, NPRE

COMMON/ELEM/NEL T, NNEL, NTPE, NGRE, ¥E, NTDENT, NAG

COMMCN/ASSE /NSYM, N¢G, NKZ, NDLE

COMMON/RGDT/IEL, ITPE, 1TPEL, 16RS, DL, 1CE, 1ORNE, 1P2EE, INEL, 1DE6, 1P6
1, ICODE, IDLEOQ, INELO, IPEO

COMMON/RESO/NEQ, NF1LLR(2}

COMMON/ES /4, ¥R, D, %1, %2, HOLW¥Y (8)

DIMENSION VCORG (#), KDLNC (#) ,VERNG (#),VOREE (#) , 4LCCE (45, VOIRE(#) |
1 KNE (#), VBRNE (#) , VAREE (%), “NE2 (#) , KLD (#)

DATA 110/107, 115/15/

INITIALIZE
OPEN{M2, FILE=" $$002, DAT" , STATUS=" NEW' , CRM=" UNFCRXATZD' 5
NDLE=0
1ELT=0
NPG=0
REWIND 2
IF (W.GT, 05 WRITE (Mp, 2000)
2000 FORMAT(//* ELEMENTS CARDS'/)
C-——-— READ AN E_EWENT CARD
{0 READ(M1,1000) IEL,I5EN, INCR, ITPE, IGPE, IGRE, (XNE(IN), IN=1, 11C)
1000 FORMAT (1615)
IF (W, GT.0) WRITE(MP,2010) IEL, IGEN, INCT, 170K, 133€, 169,
1 (KNE(IN) , IN=2, T10)
2010 EORMAT(Y )))))?, 16I5)
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SUBRIUTING Bozezv

I SRR T e e e L L e R S L
i TJ CALL BLOCK CELZ™
- "0 RERD ZUIMENT 473
C===o===sTsoITTIoSSIS=SSSoSSSIITSSSSSIISSSTISLIIIoTTIcSIsI.isIsssIzizIaa
NPUICIT SEAL#B R, -1
CHARACTEea THL
COMMON/CO0R AD I AN o, Vo, TNl O
COMeGN/PRND, NREN
COMPON/JRE /NG 72, N2 77
COMMON/ELE™/NE. ™ WEL, WTRE NGRS, YE, NIDENT NS
COMMON/ASSE /NSYY, NG, W 13 (2.
COMMON/RESD. Mol W 1L Ric,
COMPON/ES/M MR, 4D ¥ Mg WD w3
COMMON/LGE/ CCORG, COUNC NES, LD Yo, Lo -vh LFRED, LD LU D05, LIUREL VE|
1 _PANE, LPRET, DT, KE, oF T uAB3S, 450, 130, L7 0 Ty i S
COMMON VA(D)
DIMENSICN TBL.6), IN(B)
C
e THIS {5 COMMENTZD CUT BECAUSE OF 7oz w5 S0R7I4 COvi-
St TLER BUG SHIlH wico NOT7 INITIALIZE SLRRSE RYRL-5
T TA1S ARRRY 15 NCw INITIALIZED SY A CAL. ™2 INITBL wmilH
Teet ELISTS SOULELY "7 INITIALIZE TRARLE NAwES,
C
N DATA TBL/'.D ', CUDCEY,PCOREY (PNE T, YORNTY 3R
C
c HERE IS THc CALL 70 5°7 ARGUND THE COMPILER BUG
~

CALL INITBL(TBL,'ELzM')

Coes ALL THIS wAS SIMPLY T3 57 ARCULND THE AICRGS3:T
C+s COMPILER BUG

IF(M1.EQ. Q) Mi=#R
IF (M2, EQ, 0) "2=XE
READ (M1, 1000) IN
1000 FORMAT(BIS)
IFUINGD),GT.0) NELT=IN(!)
TF{IN(2).BT.0) NNEL=IN(2)
IF(IN(3).67.0) NTPE=IN(3:
. IFUINGA) 67, 0) NBRE=IN(A)
IF(IN{S).NE,0) ASYM=;
IF {IN(6), NE. 0} NIDENT=!
WRITE (MR, 2000) M, NELT,\NE_, ¥TPE, NGRE, NSYM, NIDENT

! 2000 FORMAT(//' INPUT OF SLEWENTS (¥=',12,')1/1 1, 20(=1)/
1 15K, 'MAX. NUMBER OF ELEMENTS (RELTY=, 1S
2 15X,"MAX. NUMBE3 CF NODES PER ELEEN™  (NEL)=' IS/
3 15X, 'DEFAULT ELEMENT "YPE (NTEE) =, 1S,
4 15X, 'NUMBER OF BROU9S OF ZLE¥ENTS (NGRE) =", 15/
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SUBRQYT IN= EXIRZ_(VIRZE, VD

VI -y

C SZ=ZIEIS=EITISEESSCoTICIoC
C TO EXECUTE BLOCK 'PREL!
C READ cLEMENT PROPERTIZS
C B
IMPLICIT REAL#8(A-H,C-1)
COMMON/PREL/NGPE, NPRZ
COMMCN/ES/M, MR, P, M1, XDUMMY ()
DIMENSION YPREG(#), V1 (¥}
£

IF (M. 6E.0) WRITE (M2, 2000)
2000 FCRMAT(//* CARDS CF ELEMENT 2R00ZRTIZS'/)
C— REPD A GAOUS
11=MINO{7, NPRE)
=1
10 READ(MI, 1060) 1B8Z, (Vi(i),i=1,11)
1000 FORMAT (15, 7710, 0)
T BE.0) WRITZ(®R, 20107 163Z, (V1(D), I=1, 1)
2010 FORMAT(' }))))!,I5,7E12.5)
IF(1BPE.5.0) 60 7O 40
IFUIGPE.GT.NGPE) CALL ERREUR(4!, 1G5, NGEE, 1)
IFINPRE,LE. ) 6O 75 €0
READ TWE PROPETIES
READ NI, 10101 (Vi(I), =8, \PRE)
1010  FORMAT (X, 7F10.0)
IFOMLBE.C) WRITE(2,3020) (V1(1}, 1=8,NPRE)
3020 FORMAT(® )23, 5K, 7E1Z.5)
20 D0 30 I=i,NPRE

C~--

VAREG(J)=Vi ()
0 J=J4
60 70 10
40  RETURN
END
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SUEROUTINE BUPREL

L‘- ————— === ZI=x===T
T 70 CALL BLOCK 'PREL
C 70 READ ELEYENT PROPERTIZS
C ===z==z==z=
IMPLICIT REAL#3{A-H,0-1)
CHARACTZR#4 TEL
COMEON/PREL/NGPE, NPYE
COMMON/ES/M, ¥R, M9, %3, ¥DLYXY (3)
COMMON/LOC/LXX 15}, LPREG, LOLY (19)
COMMON/TRVL/ IN(2) , RDUMNY (5200 NLLL
COMMON VA (3)
DIMENSION TBL(2)
c
C+++ THIS IS COMMENTED QUT BECARUSI OF THE ¥§ SIRTRAN COMP-
C+++  ILER BUB SHICH Wil- XCT INITIALIZE SLARGE FARAY3
Ce++ THIS ARIAY IS ADW INITIRLIZZD BY A AL 70 INITEL anIOF
Ce++  EXISTS GOLELY T3 INITIALIZE TRECZ NAMES,
c
T DATA TBL/'PREG','W '/
c
c HERE 1S THE CALL 7O GET AROUND "HE COMPI_ZY B.G
c
CALL INITBL(TEL,'PRELY)
C

Cee ALL THIS WRS SIMPLY TO GET ARJUND 7<= @{CROSCFT
C++ COMPILER BUG

IF(M1.EQ.0) #i=
{-——— RERD ~um5ra GF GROUPS AND PROPERTIES PT2 GROLO
READ (M1, 100G} IN
1000 FORMAT (215)
IF(ING).GT.0) NGPE=IN(D)
IF (IN(2).6T. 0) NPRE=IN(Z)
WRITE (MP, 2000) M, NGPE, NPRE
2000 FORMAT(//' INPUT C7 ELZYENT 9R0PERTIZS (¥=',12,")'/ Y,
I 35("=")/15X, 'NUMBER OF GRGUPS 0F JSOPERTIES  (NGPE)=', 15/
2 {5X,"NUMBER OF PROPERTIZS PEY 3%CUP  (NPRE:=),1%)
{F(LPREG.ED. 1) CALL ESPACE (NGREMNDAE, o, THL (L7, LPRER)
CALL ESPACE (NPIE, 1, TEL(2),L1)
CALL EXPREL (VA(LPREG) ,VA(LL})
CALL VIDE(LL, 1, TBLZ))
RETURN
END
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3
LJ.
Y
SN
-
p. [
b 3UIR0LTINE BLDWH
"."_‘-‘1 = z== s======= ==z STRTssoTzssszIzs===s zz===z===
—r O TICEL BITY Lnw
4 = L G53TYHLZ IND :J;VE f LINZAR 9]0BLE¥ 1N LCRE
| INILIDIT R2do#siA-n, C-11
CRORRCTERRG TEL
COWMON/ SIS/ DT T RDLNG NDLT PG 1 3)
b :C".“'C JELEMANLLL(A) YE YNULL ()
amal LT/ SB35/ NSYX, KB, AKE, SILE
! O¥XIN/ RIS/ NEG, NAES, WRES
;l TOMITNSZEIN T D e, o3, MDUMMY (T)
- SIYv f;-ul530RU|LUL&C|LN§G!;Dlmp’LPRNGQLQREG!LLD|L;OC—:LUV*--_Nc.
) fFRNE, L5REIT,LDLE, L4E, LFE, KBS, LARD, L35, LF G, LRES, LDLD, LDLMXY (4;
r@ COVMIN VRO
8 DIMENSION TEL-8)
Late T=15 IS COMMENTED QU™ PECAUSE OF THE X35 FUATRAN COMP-
Tere LER BUG WeICH Wl L NOT INITIALIZE $LARGE ARRAYS
r v+ THIS ARAAY IS NOW INITIALIZED 3V A CALL 70 INITBL WHICH
} Cet~  EXISTS 0LELY TO INITIALIZE TRBLE NAMES,
L4 Iy
b o DATA TRL/YKGS ', KD T YHGI Y, 'R AR YRR A5 Y, D Y
| o
1 z HZIE 15 THE J5.. TD 527 ARUUAND TRE CUMPILZR BUG
TRt INITEOUTELTLINMY)
e ALL THIS WAS SIMPLY TO ofT ARGUND TrZ wICROSOT
THes COMPILER BUG
IF(¥:,EQ.0) M=PR
17 (2,20, Q) #2=x
TE(M3,EQ0) M3=MRES
4D ML, (000 N
) LO0¢ :CR‘QT("E'
[ .
o JTUINGMELO) NRESSL
le WRITEUR, 2000) ¥, NRES
2060 FCR¥ATI//Y AS3EMBLING AND LINEAR SOLLTION (#=!

)12, !)1/' Y 300y
1 1SX,? INDEX FOR SESIDLAL COMPUTATION (NRES) =",

17 (L4358, EQ. 1) CALL £5PaCZ (N4G, L 7oL !y, LKGS)

IF{_KGD.EQ. 1) CRLL ESSPRCEINER, i, TBL(2),LXED)

JTNGYM 2T, L AND. LKGILEQ. 1) CAL. Z5PACE (NKG, 1, TBLI3), LXGI)

1) CALL ESPRCENED, !, THL(4), FB)
(42,200 1) DAL E39RCEIMEI, 1, TBLAT), L4E)
IFFELEGL L) CRLL ESPRCEINDLE, 1, TBLB) \LFE)
TTH_RES.ZhL L DAL ZSSACE(NDLT, t,TBL(TY, LAES)
JEALDLE 25, 0 ZRL. ESCRCE (NDLE, 1, TBL(B),LDLE)
CRLL SHINP 0 LLD) YALLDIND) WALLLOCE) , VA (LLDRE)

VAN,
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Ty

VBLLTEES) (VRILNED, VRILHE) (VRLLFZ) (VA ILRE3) VR (LKED),

ARy WRELTSY VRILESIS VR DUND ), JRILAZE),

3 VA{LRESE VRILDLZH

1N

SRLINVALD, VD ERE, 4 02 VECE, RIS, VEREE, (NE vHE VTR,

. V<GS, v{BY, VBT, vE5, YCORG, KDINC, KNET, VRES, VDLE)
f THOZXZCUTE BUOCA TLINYS
- ASZI¥E_Z AND 80LvZ & _INZAX SATBLIM N CORE
CMOUIIIT RIALR3R-5, 01
ZOMMON/RREI/ HEYM, NG, NKE NDLE
SOMIN; STA0/NED, NIEE HRES
COMTN TS M MR D L M2 ME, DU (T)
NI ’_J;*),/JA 3{#)  ALGCE(#) (VCORE () VEANT (#) (VIFEZ{ny,
DOANE L VRK R VRE (81, WHES (), VKSD(*).VKGI(*).VFG(*),VCORS(*L
2 TN %) RN Jki) Vaz S\i) JVOLE(#
CEINME, FILEET 83003, 0877 BTATLS= NEW!  FORM=T UNFGRMATTED)
RENING Y3
Jm———=- RSSIMELD K5
I-mm———- SRYZ UNMODIFIZD v2ETJ3 73 (BY B.C.) N FILZ M
ﬁITE(Va) (WFS(I), =0\ @)
MBI, 2) wRITZ(MP, Z000) (VFGID), 1=l NER)
2000 FIIMAT(/' GLOBAL LDAD VEZTCR NON MGDIFIED BY B.C. (FGY?
WA LSRN
L-m-- ASSIYELE KG, MGDIFY £G FOR T=E B.L. AND SAVc THEM
CALL ASKE{KLD, VDIXP, KLOCE, VCORE, VRRNE, VPREE, UNE, VKE, VFE, VKBS,
L VdGh, V4B, VFG, VDLE, VRESE)
SRITZN3) (VR 1=1,8EQ)
AR1TT{83) (V4BSLTY, 1= NKBY, (VMBDUI), 1=, N D)
TSINSY™ EQ. 1) wRITE(M3) (VKBI(I),i=1,\KB)
om—-—-- STAT A5 AND TR
e, T2 50 T0 20
ATITI9D,2003) (VKBS (D), 121, M35}
0T FOEMAT(/Y GLOBARL XRTRIX (KGY'/! UPPER TRIANGLE'/
HE Y PSR B
Wi "c\*ﬂ,LO'O) (VKGD(1), I=1,AED)
0 FIReAT DIAGONALY /(1% 10E12. D)
TFINSYLED, 1) WRITE(MP, 20200 (WKBI(D), I=1,NKG)
020 SORWET LOWER TRIANGLEY / (1X, 10E12,5))
wWRITE (MD, 20300 (VEG(1), =1, NEQ)
203G FOAMAT (/' GUOBA. LOAD VSCTOR MODIFIZD BY THE B.C. (FG)!
100K, 1082,
o= 30.vE
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C

o THL . SILAVARS, vEBD, YRBT, VR ALDy \ER YE, Ly L NSV SNETG)
JTINGYMUNEL L) WRITE(MD, 20351 ENERG

2235 FOYLT OIS, Y INENRY (=Nz=G) =, 812, 5)

IFOMLT, 8 Gd 70 30
W TIONR, Z0a0) VAR5 D), =1 NED)
el TOR®AT (/Y TRIANGGLARIZED YATRIX (o1 /! UPRER TRIANGLD'/
Doty ezia 5
A31TTONE, 2010) (wRBDHD), iR, NED)
LTINSYM IR ) ARITZONP, 20200 (VKGID), [=1,ARE)
—mmee—= PIVITS IF KG AND DETERMINANT
y SALL 23fT5VKED)
== ZyOCUATT AND SRINT ESIDLAC VECTIR KU - -
TT(ARES,E£7..) CRLL PSRRESD{V4GS, vHGD, VKB, VFG, KLD, VRES)
I 2TNT TR SCLLTION
TEIXT, 2050
T SLLETIONY )
CRo. PRSTL (KDLNC, VCORG, VDIMP, KNEG, VFG)

o L

(mmeeee IVALUATE OND PRINT GRADIZNTS (STYESSES)

CACL R3GRAD{ALD, VDIxX?, {LOCE, VCORE, VIANE, VAREE, ANZ, V4E, v= 2, V405,
1 VKGD,VKG!I, VFG, VOLE, VRES)

C
{-———-— EVALLATE AND IRINT EQUILIBRIUM RESIDUAL VECTIR

R RZAD VECTOR £5 AND CHANGE SIGN
SEWIND M3
2D (43) (VAES(D), I=1, \EQ)
DG 40 I=1,NEQ

&) VRES(I)=-VRE5{I}
D------- RSSEMBLE THE RESIDUALS
CALL ABHZRD (L, 1y 4L, VDIMP, KLOCE, VCGRE, VIS, V5T, aNE, VHE, V7T,
L VKBS, VKGD, VKB1, YFG, VDLE, VRES, VRES (NER# 1))
— SAINT THE RESIDUALS

WP 1T NP, 2060)
2069 TIIMAT(//% TQJILIRRIUM SESIDUALS ARD ATACTISNG'//)
CALL PRSGL (KDLNC, VCORG, VAES (NEG#1), KNED. VIES)
ETURN

END
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\JB e o N R e 2aaine 4 g AR et o 4n Sadis Sy

Rt e mme mmeme e -

-.V~.’3 4 oCZ WOCRE, VRN, VR IET, ANEL VED TS,

Y5, iz, WRES)

z 70 ASSEXELE GLCBAL ¥ATRIX 45 (ELEMENT FUNCTICN 3)
: TREIR INTO ACCOUNT GF NON 7E2AC SREGCRIBED LLG.7.

IXOLICIT REIAL#BI8-4, 00

STxMIN/COND/NCLT, NCLT NOLN

COVMON/TLEMANDLT WNEC NTAE, NGRE, ME NIDENT  MNLLL
LSYY, YEILLRAS)

-
2
5
- \
J
=
i

P
oovRD

Jod f‘n.;*\g

; './._;,1'3:,.,9 $43332, IDLE, ICE, TPNE, 172, INSL, 1825, 155
L ICTDONELL
COMYLN/ES/, v<. ¥D, A1, M3, ¥DUMMY (8)
YENSION {LD(#),VDINP (%), 4LCCE (%), VCORE (#), VPONE (4}, ¥
3 AN;\*;,V<E.§ JVFE(#) VKBS [#), VKGD (#) 462 (%) (VFB{#),
2 VIES{#),4EB(I)

=
He

/PR
VI

Ti#)
-
L i{#

C-——— NL\D ELEMENT FILE (M2}
RE’A\D e
S OO OveER T E ELEMENTS
20 30 IZ=i MNEL
S RERD AN ZLEYMENT ON FILE X2
Chu. RDTzv{vZ KLOCE, VCGRE, VEANE, VPIZZ, ANE)
I--—-~-- SKIP COMPUTRTION IF IDENTICAL ELEMENTS ENCGLN
IF(NIDENT.E4. L. H\D.I:.GT.i) o0 70 X0
L -— EVALURTE | *UuLﬂ' ON FUNCTIONS IF SEGUIRED
(FOTPEER. 17721 GO YO0 10
1C00=2
CA ELZYLB(VCIRE, VPINE, VARZE, VDLE, VK2, vr2)

% ICCD='

CRLL ELEMLBOVCOSRT, VPINE, VPREE, VILE, VK, VFE)
Lo :R:‘ TLEYENT “QTR’X

T L T0 2

IFINGYM,EQL ) IKE=IDLE*(IDLE*1)/E

SNBYW EDL L) IAE=IDLE#IDLE

WRITE(MP, 2000) 1gi, (VKE(D), I=1, IKE)
2 FORMATL/Y WATIIX (KE) , ELEMENTY, IS/{10X, 10212.9))
:“—---‘ ¥0DIFY ©G FOR NON ZERD PRESCRIEED D.O.F,
2 IF(NCLNZ NS, ) CALL MODFG(IDLE, NSYM, KLOCE, VDIMP, VKZ, vro)
L ASSTFBLE

CALL 8552 (1,9, 13,z NBY, «LOCE, ALD, VKE, VFE, VKBS, VKBD, Y451, V76
30 [TPEL=ITPE
AZTURN
ZND
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- SCER0LTING ASSAADIALD, Va1 e, 4.0TT, «CTAE VIRNG VAR, AT vHE VRS,
.- 1 VKSS, v<BT, V4B 1, ¥F3, VLT VEES)
bc y TEE=== === = S=z====
p & c T3 ZVRLURTE AND PRINT GRRDIZNTS (STIESEZE) AT ELEMENT G.°,
b - s maTa ermreA 3.
s . {ZL2YENT SONCTION &)
i S - sm=—=o=——o====s=cm=sss===s====o=
TOITIT RERLME(R-S. D

) COMON/T_IN/NELT ) ML, NTPE, NBRE, ¥E, NIDENT, ML
'ﬁ CO¥YON/RSSE/NGYY, PFILLR(D)
: ORPON/RESD/NED, NFILLALE)

[ SCMON/ABLT/IEL, 1TPE, ITPEL, IGRT, [DLE, ICE, IPANE, IPREE, INEL, 1056, 106
b R oal B R )|

COWYCA/ZS/M, 3, P, M1, 72, ¥DUYHY (6)

SIMENSION XiD(#),VDIP(#),KLOCE (#),VCORE (%), VPRNE (#), VPRES (4,

8 ANE{#), VX 0R), VT (80, VAGS (#), VKBD (#), VKB (), VSB (4), VD_E (#1,
2 VRES(®)

e REWIND ELEFENTS FILE (%)
REWIND M2
0= {007 CVER THE ELEMENTS
00 20 IZ=iNEJT
C-----—= 3EAD THE ELEMENT
CAL. KDE_Zw (M2, X_OCE, VCORE, VPRAE, VPREE, KNE)
Lommmmmm SVALUATE INTESPCLATION FLNCTION IF REQUIRED
IF(ITPELERL ITPEL) 60 TO L0
1C0D=2
4. ELEM_B(VYCORE, VPANE, VPREE, VILE, VKE, VFS)
{mmmemmm FIND ELZMENT D.0.5.
10 CALL DLILM(KLGEE, VB, VDIND, VDLE)
Lmmmmme CoMOUTE AND PRINT GTRESSES OR GRADIENTS

1200=8

TALL SLEMLE(VCORE, VPINE, VPREE, VDLE, VKE, VFE)
d ITPELSITIE

RETLAN

2
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5.FR0CTINE B5¥I5D(IFE30, TASAD, {0, VO I, {LICE VED T, VRRNE, WOREE,

L MAE, RE, VFE, VKBS, VXBD, VKEI, VFE, VDLE, VAES, VRERL)

- A
Z TC ASSEMELE INTERNAL RESIDUALS IN VRES (IF IRESD .EG..)
Z AND ZXTEZANAL FZACTIONS In VASRC (IF IREAC.ERL L)
IMPLIZIT RTRL€E(A-4, 8D
COMYIN/TLIY/NELT, NNEL, NTRE, NGRS, X5, NIDENT, MNLL L
SIYHIN/EBEINGY Y R T _LAUE)
TOVMDN/REEC/NEG AP ILLRIE)
SOMON/ABLTIEL, 1TRE, 1T, IBRE, IDLE, 02, IPANE, IPREE, INEL, 1055, 195
I2A0,NCLL (D)
DOMINSTS/M, WR, B AL X2 MDUKHY (8)
DIMENSION A_D(%),VDI¥P(#),KLOCE(#},YCORE (#), VPRNE (#), YPREE {4},
KNZ (B VRZ () VP2 (#) VRGBS (%), VEBD (#) . V4B (#) (VFal
2 VRES(#), VREAC (¥}
L~ REWIND ELEMENT FILE (M2)
AWIND ¥2
S <007 QVER THE ELEMENTS

53 50 1Z=i,NET
Smmmmmme TERD AN ELEXENT ON FILE M2

CACL ADELE™ (%2, KLOCE, VCORE, VBRNE, VAREE, KNE)
fmmmm e SVALUATE INTERPOLATION FUNCTION IF REQUIRED

PR
1C00=2
C5. ELZMUB(VCORE, VORNE, VOREE, VLE, VAE, VE)
e FIND ELEMENT D.0.F.
10 CALL D_ZM(XLCCE, VFG, VDINP, VDLE)
S EVALLATE ELEMENT RERCTIONS
1Ca2=6
TALL TLEYLB(VCDRE, VPANE, VOREE, VDLE, V4E, VFE)
Temmmeee PRINT ELE7ENT REACTIONS
TG WIITIO, 20000 TI, WFED), T=L, 1LE)
20060 FCRAT(/? SEACTIONS (FE) , ELEMENT:',1S/(10X, 10E:Z.5))
TiIRESD.NEL ) GO TC 20
S RESEMELS INTEGNAL RESIDUALS
CAL. ASSEL (D, ¢, T0LE, NSY™, KLOCE, KLD, VXE, ¥, V4GS, ¥4BD, V4G1, VIES)
T

" n

2 E(IREAC.NE. L) 6O 7O 60

G- ASSEYELE SXTERNAL AZACTIONS

Z MODIFY TERMS IN XLOCE SUCH T=AT PRESCRIBED D.O.F. ARE THE ONCY
Z ASSEMBLED ONSS

DC SO ID=1,IDLE
PTRLGZEID) 30,50, 80
3¢ KLGCE(IDY=-4LOCE(ID)
80 T 50
40 WLLOCEUTDN=0
¥ CONTINGE
TACL AGSEL(0, &, IDLE,NSYM, K _CCE, AL, VKE, VFE, V4GS, VKBD, V4G, VREAC)
60  ITPEL=ITPE
RETURM
END
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© TEE TTNE QOGS (T4 1TE T S adyy 4 T 4 R oim ums vyee
SLERCUTING AG3E_ (143, I7h, [DuE, NGy, LL0CT, 40D, vHE, VrE  vH0GE,

1 VKED, vKEI,VFE)

TO ASSEMELE AN ELZMENT MATRIX AND/OR VELTCR
(MATRIX SYYMETRICEL CR XCT
INPLT

16 IF [4G.E0.1 OSEIYELE ZLIYENT WATRIX <2
%5 IF IFB.EQ. | ASSEMELE ELEENT VECTOR FE
DS ZUTWENT NOWESR GF 0.0.7

NSYM  O=CYWMETRIC PROBLEM, 1=UNSYMMETRIC PI0BLEM

4.0CE  =uZMeNy LOCALIZATION VECTOR

43 CUMCLATIVE COLUMN REIGHTS CF KB

V4Z TZ¥ENT METRIN Az (Fule OR UPIER TRIGNGLE BY
DESCENDING CO_UMNS)

LTy U 3 80y 8 Y s Y o

p VFI ELEIYENT VECTGR FE
c WTRLT
: Y433, V40D, 481 BLOBAC WATIIY (SKYLINZS)
C (SYMMETRIC OR AOT)
Z V6 GLOBA. LIGD VECTOR
C P ——
TM3_ISIT ATALRBIA-H, O-1)

DINEXSIEN <LOCE (4) KLD(#) ,VKE (), VFZ (#) , VKBS (%), VKBD (%1,

{ UKGI(#),VFG(8)
C
-——--—— ASSEMBLE ELZMENT MATRIX
-

[F{I4B.NE. L) 30 70 100
IEGC=IDLE
1EQi=t

L= rOR EACH COLUMN OF KE
00 30 JD=i, IDLE
1T (NSYMNE, 1) IEGO=JD
JU=KLOCECSD)
1TIL) 90,30, 10

10 10=KLD(JL+))
23=123
0=t

Smm—-- FOR EACH ROW OF KE
00 80 ID=t, IDLE
1.=4LOCECID)
{F(NSYM.EQ. 1) 60 70 30
F00-I0) 30,20,20

0 G=1D

3 [={2L) 80,80,40

8¢  1J=JL-IL
1={1J) 76,50,60

C-—-—--- DIAGONAL TERMS OF 4G

W VKBD (L) =VKBD (1L) +VKE (1ED)
GC 70 &0
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Do~ JA9TF TRIANGLT TIRYS U 43
£ =1-10

V4GS {1 =VHG5 1)+ (IER)

30 T3 4o
S-—~---—  _TWEX TRIANELZ TZAYS OF X6
7 TT(NSYMUNE, L) SC TD 80
=D DS
VAT D) =S IT +VKELIER)

I Tt o PO
JET=1I%+l0

1EGi=IEGI+IEQO

[T Y]
LIS

[ )

{---m—m-  G53I¥ELE ELEMENT LOAD VECTOR

(]

TT{ITGLAE, L)Y B0 TR 130
DD 120 ID=i,ILE
(=K 0Cz4ID
IFIIL) 120,120,110
W10 VERIILEEG LI SRS (ID)
18y CONTINE
130 FETUN
END
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TEGU=IDLE
120i=!
» - S0R SACH RCW OF ZLIMENT MATRIX
D0 50 Jo=:,iDLE
ITINSYX. NE, 1) 1ED0=JD
YE"x— -L'Q
JL=< 001D
ie=t
2 UL 10,50,50 ’
10 Ju=-JL
DINP=VDINP(JL
I (DIMP.EQ. ZERO) 60 70 50 ‘
e 7OR ZACH COLLMN OF ELEMENT ¥ATRIX
3¢ 40 1D=1,ILE
B T_=XLOCE(ID)
TFINSYM.EQ. 1) 50 79 30
1T{I0-JD) 30,20,20
0 @1
I ITUTLLGTLO) VRB(IL)=VEB(IL)-VKE (IZE) #DINR
50 IEQ=1EG+IQ
® e [EQ1=1201+12%0
RETURN
IND
®
®
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SUERILTINE WODFS{1DLz, NEVM, ALOCE, VDIMO W4 VFE)

73 #ODIFY VECTOR F3 7O TAYE INTO ACCOUNT OF PRESCRIBZD NON 1230
D.0.F, FOR A GIVIN EiEMENT

E'J

INRUT
IDLE ELEAZNT NUMBEER OF D.G.-.
N3YM O—D(M?:*"” PICE_T™, 1=NON SYMMETIIC PROEL

K ol :_EMEN LGCACIZATION JEC’“R

VDIND  VALLEE J° 9RESCRIBED D.O.F

¥4z Z-:Y:NT MATRIX {Futl OR JPP:T TRIANBLE
BY DESCENDING CCLUMNS)

cLTAT
V=B SCCBAL 0AD VECTOR

Cl 3 o U 8D ¢ LY g2 OO0 7y C1

iYL ICIT ASAL#S(R-H,0-1)
DIMENSION KLOCE (#),VDIMP (%) VKE(#} VFG(#}
TA 22R0/0, D0/

TR e TR TR T e T, W, Y T w T w




-3

49

50

o
r
-

JZTI=AES(DET)
IF(DETL,LT. 1, DIC) B0 75 40
DIT=0ET#1. D=0

IDET=IDET+i0

S(DE7L, 57, L. D-10) B0 TC 30
DET=Dz"#..D.0

NET=IDET-1G

50 "2 3¢

rn\ LT
- JUTRUT

WRITT(P, 2010y X1, 1Y,X2, 12,087, 1DET

2010 FORMAT(/ :sx,’nsso_ "E VRLLE GF WINIMUY BIVDT  =',E12.5,' SQUATICN
1,15 /29K, 'ALBEBRAIC VALLE=',Z12,5," SQUATION:,
g oI5 e, T DETERW INONT 21 E12.5," ¥ 10+ '
LR 7))
RETLRN
D
191
~ " > .

n LU i A i A e B it S ol e M D B A Ul B Y A A IS A A G TR T TR
ERWTINE PREVTHIVKED)
C T3 EVBLURTE AND T3 FRINT TAE PIVOTS AND THE DETERMINANT OF MRTRIX HG
= = ==
IYRLITILT RERL#BIA-E,0-D)
COXMON/RESD/NZS, NFILLRHEE)
LuV 1ON/ES/X, R, MA, XIUYMY (L)
LYINIICN VRSD#
:Q’h N/.. DG/, 6505/, D38/
~23{X) =353 40
X=GR0S
$2=3RC8
JZ7aLN
2270
e PRINT 21075 CF WATRIX %5
IF(%.GE.2) WRITE(RP,2000) {VKBD(D), I={, NED)
Ny anMQ'(/ SCCBRL YATRIY PIVOTE! /{1X,10812.9))
o0 S0 I=t,NEC
- -— RBSOLUTE VALUE ZF MINIMUM DTVOT
A=RES{VKED(I))
SELGT.XD B0 TD L0
Xi=X
=l
{-——--- ALGZBRAIC VALUZ OF MINIMUM DIVOT
X=VKEDHT)
2 [7(X.67.X2) 3¢ TC 20
x2=X
12=1
Lo ETEIMINANT {BOUNDS : 10 ZXSONENT + GR - M)
20 DET=DET#VKGD(D)
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SUERBUTING 9332501 /w33, WAST, AT VR 2, AL D, vAEE]

E" = S=ssz==s=z= ===z == ====z==z=

-———

z T COe.72 A0 FRINT T-2 RTIIDLAL VECTOR AU - F

T TR mms emm_ L e
A:'H'\.ACA‘ RSN SRR IVEFY
P
COMMIN/RSER
STgar S TICS L 2T\ 537 MRTS
._fru /3280 W3y ARIZ, MAZS

TYYINEEIY N30, YL, X2, K3, YSUNRY(T)
(8), VFB{#), LD (%), VIES (#)

u“:vu.q\ Yi3a ki vARD (%), VKGI
SATR TERC/L. D0/
254X =CRBa (X
REWIND M&
S SXI? VZITIR 75 NON WODIFIZD BY BJC. ON FILE #3
RERDIM3) (VRES(IY, I=i,NEG)
T-———-- RZAD YEDTDR FG ¥O0IFIED 8Y B.C. AND MATRIX 4G
SEAD(M3) (VRES(I),I‘X.N:")
AAD (3) WKG3D, \&b VKbD 1), I=1 NER)
ITANSYY,EQ, ) Q‘RD (VKGI (I}, I=1,NKB)
C-—=—- VRELJRTE THE ¥:CADJQL V;C’CQ
DO 10 I=1,NEC
0 VAZS (1) =-VRIS(])
CALL MULXS(VHBS, VKGD, VK5I, KiLD, VG, NEQ, NGYM, VRES)
J0 20 I=i.MQ
x VTS (1)==yRES(])
X1=7ERT
D0 30 =1, NEQ
X=FRS{VRESID))
FUXLBELX) GD TO 30
11=X
=i
0 CONTINUE
IF(MGE.Z) WRITE (MP, 2000 (VR:S’A S 174, NED)
200 FORMAT(/Y SESIDURLS VECTOR'/(iX, lGEL2. 5))
WRITE(MP, 2010 X1, 11
2010 FORMATL/T WAX, RESIDUAL VALLE=',Z!2.5,' EQUATION',ID)
SETURN
END

[
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TN T WO WA W WA VRS VNS ) el ot NI s
o
1
SUBAUTING PIS0L (KDLNG, vEORG, VDIM3, ANEG, V) ]
I —====zSTsss===TTooIss=sSzTTS=sS=oISEs
S TQ ARINT THE SCLUTION -4
C_ [
IMPLICIT 3EAL*B(A-H,0-1)
CHARACTIRS &7, 7L, X
COMMON/CO0R/ND T NNT, NRLLL (20, ENGLL (3]
IWMEN/TS/ %, R, MD, MUY (10)
COVNON/TIVL/V(Z0) FXE10), RDUMMY (506) , VUi
DIYENSION VDIY3(#) <DLNC(#} VEDRG(#)  KNEG(#) V75 1#) -
TATROF # Y/AL Y/, 1ERD/0.20/ ]
X2=7E37 5
X3=177C ]
WRITE (B, 2000) -
2030 TOAYET/T NODES' 4K, X', LIX, 'Y, LK, 12, 0K, P DEGRETS OF TIEIDOY (¢ l?
{ = PRESCRIZED)'/)
=0
C 50 IN={,WNT ]
Ti=12+! 4
TZ=124NDIM p
ID1=KDINC (IN) +1 !?
TIZ=ADLNC (IND) ;
10=I02-1D141 N
TT{I02.LT. 10D 6O TD S0
Xi=VCOSB(IY) .
TFINDIN, 3E.2) A2=VCORG(IL+D) -
IFINDI®.BE. 3) X3=VCORG(I1+2) o
=10t 1
D0 40 I=i,:D R
JI=NZELD) .
LD 10,20,30 g
W0 VIEDIN-I0) :
EX(1)=RF ':'
5C 70 40 )
X VITI=1ERD
A=A
30 72 40
o VB ‘
XD =AL .1
4 BEM 4
WRITE (WP, 2010) IN X4, X2, 43, (VITT7, TX4IT0, D121, 100 R
2010 FORMAT(1X, 15, 3E12.5.5X, S(EL2. 5, R4) /47X, S(E2.5,R4}) "]
5 CONTINUE ]
RETURN ]
EAD ]
1
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TIOINEIATT ozt LLGLR

(SR S |

)

IMSLICIT 'QL*B A=, 0-1)

COMON/IGDT/ 1T, DNCL IS, IDLE NCLL i
COMMON/ES/w, Y3, YD ’ﬂ’W”Y(’U)

DIMENGION 4 xP-'f),'DL VDIMD(#) VDLZ(#)

JATR ZERG/0. Do/

20 40 D=1, 1DLE
=GR CD)

TF(IL) 10,20,30

VOLZ (1D} =VDI¥Ri-

5C 9 40

YOLZ (D) =530

53 7T 40

VOLZ (105 =DLBHIL)

CONTINUE

TTOLGE.Z) WRITE(MD, 2000) 1T, vsL:(:n;,:s=:,:oftw
FORMAT(' DEGRESS OF FAEEDOM CF SLEWENT ', 15/(1X,10E12.5
RETURN

D
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A mmmre : (mm
SLIROLT NG Yool <SR, VRRD VR LD VT I NE AR W RES

z SLESILOTAT ¢

l TOOALT ¥ILTOR T3 7D THT RRCLUCT LR WATRIX 4B AND THE VIITOR SE
2z INCT

z v4GS, VKGO, VRG] #ATRIA {5 STIRED By SKYLINE

z {EYM, GI NON SYM.)

: {0 ARAAY OF QDLRZSS OF CO_UMN TCP TEAMS N 45
C VFG JECTOR FG

5 NEQ JRDZR OF VEICTORS F5 AND 3RS

z \GYY .2G. 1 IF NON SYMMETRIC FRUBLEM

- Y3eS vECTOR 3ES

z SUTART

Z VRIS ECTTR RES

TMPLICIT REAL#EIA-<,0-1)
JIPENSIIN VKBS (¥}, VXGD (%), VKGT (#), 4L (%) VFB (&), VIG (#)

L O

—————— =CR zRCH CCLUMN GF MATRIX 4G
00 20 IK=1,NEQ
SAK=ALD (I THG
JRKI=KLD(14+1)
LAR=JRK L -05R
Zammm— DIRGONAL TERMS
SCORCHEREAR Mot ISt 9]
IFLHK,LEL0) 60 70 20
NEIE SRS
R (s TER®S
LTINGYYONE, 1) C=CHSEALIVAGS (I8 (VFGLI0), L3A)
) C=C+SCRL (VKBTI (JHK) (VFGLIO) LMK}

A

IEINGT™, 20,0
e ZOLOMN T
J=IHK

LizlA-t
2000 J=00 00
v1=5(IJ)=¢RCS(IJ}+V<ba(¢)*V 503K}

e DERE S
M JIESIMI=VAES{ IR 40
SETURN

=ND
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(a0 200 a8 gho sl JB N e ¢ Pufinain

—

»

SUBROUTING BAUSS (IPGKZD, NDIM, kPG, VLS5, [F5)

C_--_ - -
C T3 FORM ARRRYS OF COORDINATZS AND wEi6nT5 AV SAUSS 20INTS
c (i, AND 3 DIMENSIONS) (:,2,3 CR 4 G.P. PER DIMENSION)

C INFUT

C IPGKED NUGMBER OF ROINTS IN 4B1,27R,IZTR DINECTIONS
z NDIM  NUMBER OF DIYENSIINS (1,2 OR 3)

Z GuTauT

c vKPG  CCCRDINATES O GAUSS POINTS

C VEPE  WEIGhTS AT GAUSS POINTS

z 176 TO0TAL NUMBZR OF 6AUSS POINTS

L===

MOLICTT ReAed (-, 0-1)

DIYENSION ISGKED (%), VKPG(#),VCP5(#),5(10), P01, INDIC(4)
et TAIS IS COMMENTED CUT BSCAUSE OF THE MS FORTRAN COMP-
Ctee ILER 3UG WHICH WILL NOT INITIALIZE $LARGE ARRAYS.
e THZ3Z ARRAYS AE NOW INITIALIZED BY A CALL TC A Dumwy
SHt SUBROUTINE INITGAR WHICH EXISTS SOLELY TO INITIALIZE

D3 I T cs €3 0 ) Y (2 € 0

TSE82 THRZZ ARRAYS

TR INDIC/L, 2,4, 7/

287R 6/0. 000, -, ST725026913962600, . 57735026918362500,
-, 7745966324 1 483D0, 0. 0DO, . 7459666324 148300,
-, 86113631159405000, -, 33996104356486000,
. 339981043584860D0, . 8611 3631153405000/

DATA /2,080, 1. 000, 14 620,

[ZX I SV ood

. 3478348451 3745000, . 6521431 5486235000,
.652143154862550D0, . 3478548451 3745000/

G TU e

HERE IS THE CALL 7O GET AROUND THE MICROSOFT
COMPILER BUG

0. 35355355555355600, 0. 838828886888883D0, (. S535555553553536DY,

C
CALL INITGA(INDIC,,P)
c
Teet RLL OF THIS HAS BEEN TO GET AROUND THE ¥iCROSOFT
T+ COMPILER BUG
C
e
IT=IPGHED (1)
IMIN=INDIC(ID)
IMAX=IMINST I
IZ (NDI-2) 10,20,30
C——-— ! DIMENSION
10 1A6=0
DG 5 I=IMIN, I¥AX
1PE=1PG+1
WFG(IPG)=B(])
'S VCPG(IPE)=P(I)

196
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RETURN

-—- 2 DIMENSIONS
II=IRGRED @)
SMINSINDICUID)
SYAK=IMIN+IT-L
1PGE=0

=

25 1=IMIN, IMAX
00 25 J=IMIN, JMAX
196=1PG+!
VKPGIL) =G(D)
HPB(L+1)=6(])
=Le2
VCRG(1PG) =P 1) #P(J)
RETLRN

a&’

---- 3 DIFENSIONS

11=IPGKED (2}
JAIN=INDIC(ID)
JHAX=JMIN+I]-1
1I=IPEKED(3)
KMIN=INDIC(ID}
A =HMINHT -1
1PG=0

3 35 I=IMIN, IMAX
DO 35 J=JMIN, JMRX
DO 35 K=KMIN, KMAX
1PG=1PB+1
VKPG (L) =B(1)

VKPG (L+1)=6{(J}
VKIG(L+2) =6 (K)
NEAC XS

VSRS LIPG) =P(]) #2{]) R (K}
RETURN

END

2 o3
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S_3RQUTINE SNINVIVAST KEX2, V2, 4L, VON)

TVALUATE  THE AN-IWVZISE YATRIX WHICH

TA‘NS TRE COEFFICIENTS OF FUNCTIONS N
INAUT VHSI, EXP, INEL, IDLE, ITPE, M M0
wORKSPRCE VP, KL
CuTAlY VoA

CI 1 2y O3 Oy €3

T4+

Cres

Tl o

¥
+
+

IS
+
+
+

INPLICIT REAL¥B(A-H, 3-1)

ZIVMON/TCORADIY, NYULL (3) , FNULL (3)

COMWON/RSDT/IEL, ITPE, TTPEL, IGRE, IDLE, ICE, IPRNE, IPRES, INEL, 1085, 173
U NGLL )

COMYCN/ZE/%, MR, MO, MDLANY (10}

DIFENSION VASI(#),MEXP(R), VP (¥} K1 (¥}, VAN (8} KDER(D)

ATR 23307050/

THIS 15 T3 BZT AXITUND THE MITROSGST COMIILER EUG
wrIlH WILL NOT INITIALIZE SLRRGE ARRAYS
DRTO 4DER/3#0/

BERY = 0
{TERIZ) = 0
CEHD = 0
S THIS HAS BEIN 0 BET AROLND THE ¥ICRISCFT
CC¥PILER BLG

e LT O3 €

(90

0

20

~
-

o060

B oo e B a4 o

ceneee.  FCRM DN MATRIX (FOR ANY LAGRANGE TYZE ELEMENT)

0 IN=1, INEL

CALL BASEP(VKSI (1), KEXP, KDER, VD)
12210

00 10 13=t, 1N

VAN (12)=VP (1]

TZ=[24INEL

10210+

[1=14NDIM

Ceevsees SND OF 2N FORYATION

---  JRINT THE ON ™ATRIX

JFiRLT,4) B YO A0

WATTE(D,2000)

FCP’Q'(" PN WATRIX'/)
= (INSL-1) #INEL

DC S0 10=, INEL

. B
o e o P IPRD Ny TP PR .

e v——v—T




40

1i=I0+iD

WRITZ(MP,2010) (VAN(1J),1J=10, 11, INEL)
FORMAT {1X, 10E13.5/ (14X, 3E13. 51

-- INVERSE THE PN MATRIX

CRLL INVERS(VPN, INEL, INEL, K1, DET)
I=(DET.NE. 22R0) 60 70 SO

WRITE(MP, 2020} ITRE

FIRYAT ' #+# CRROR, PN SINBULAR, EZLEYENT TYPR: (3)
5T0P

— PRINT THE PN-INVERSE #ATRIX
IFM.LT.4) GO TQ 70

wRITE (MP, 2030}

FORMAT (/! PN-INVERSE MATRIX'/}

DG 60 10=1,INEL

[1=1041D

WRITZ(¥D,2010) (VAN(ID),1J=10, 14, INEL)
RETURN

=ND

199




70 SVALURTE FUNCTIONS N OR THEIR DERIVATIVES
AT POINT VKSI ON ThE REFERENCE ELEMENT
INPUT  VXSI,KEXP, KDER, ¥, VAN, TDLE, M, M
QUTRUT  WNI

th“wxyxnnnfe(rnunnr.fﬁ,._, A AL AL AL A A A Ak A AR A i aa e |
N
b
-9
L
-
S $SLARGE
b $0E3U6
C $NOFLOATCALLS
‘ $0066
f SUBROUTINE NI (VKSI,KEXP, KDE3, VP, VAN, UN1)
t - S O
i

T B -
-Il L "
ot

[SF IR v I o' I o B oo ]

IMPLICIT REAL®8(A-H,0~1)
- COYOMON/CBOR/NDIM, NNULL (3) , FNULL (D)

o COMMON/RGDT/IEL, 1TPE, ITPEY, IGRE, IDLE, ICE, 19RNE, IPREE, INEL, 1DEG, 176
‘ll 1 NILL{4)

> COMMON/ES/M, ¥R, MB, MDUYMY (10)

DIMENSION VKSI(#) KEXP(%),KDER(#),VP (%), VBN{¥) VNI (+)

DATA ZER0/0. DO/

C
C——— COMPUTE THE POLYNOMIAL BASIS AT POINT WKSI
' o CALL BASEP (VKS1, KSXP, {DER, VP)
C-—-~— P#(PN-IWERSE) PRODUCT
10=1
G &0 1J=t, INEL
| 11=10
C=1ERG
(] 3 10 II=1, INEL
Z=DHVR T SUPN(TL)
10 1=l
WHITIC
M T0=ININEL
pa— SINT FUNCTIONS N
® IF(M,LT.3) 60 70 30
WAITE(MP, 2000) (XDER(I), I=1,NDIM)
2000 FORMAT(/' DERIVATIVE OF N WITH ORDER ',312)
WRITE (WP, 2010) (VKSI (1), I=1,NDIM)
2010 FORMAT (14X, AT POINT ¥, 3E13.5)
WAITE (NP, 2020) (WNI(I), I=1, INEL)
° 2020 FOSMAT(/(1X, 10E13.5))
F‘ W RETURN
i END

A IR N
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SLSRCUTINE BASEZA (VKSI,KEXO, KDER,VP)

C_-_-————— -
© 70 EVALUATE THE POLYNGMIAL BASIS AND ITS DERIVATIVES AT POINT VXSI
c INPUT  VKSI,KEXP, KDER, IDLE, 1DEG, NDIN, M, ¥P

z QTRUT VP

c-_ ____________ o s o s

{MPLICIT REAL#8(A-H4,0-1)

CTMMON/COCR/NDINM, NNULL (3), PNULL(3)

COMMON/RGDT/1EL, ITPE, ITPEL, IGRE, IDLE, ICE, IPRNE, IPREE, INEL, IDEG, IPG
yNLLL(8)

CCYMON/ES/M, MR, MP, MDUMMY (10)

DIMENSION VKSI(#),KEXD(#),KDER(#),VP(#)

DIMENSION PUISS(3,10)

DA™A ZERG/0.DO/,UN/1.DO/

FORM SUCCESSIVE POWERS OF KSI,ETR,DIETA
00 10 I=1, NDIM
PUISS(I, 1)=UN
G 10 D=1, IDEB
10 AJISS(I, ID+1)=PUISS({I, ID) #VKST (1)
DERIVATIVES OF ORDER XDER WITH RESPECT TO KS1,£TA,DZETA
DO S0 IDL=i, INEL
Ci=N
10=(IDL-1) #NDIM
DO 3¢ I=1,NDIM
1DR=HDER(D)
1¢=1041
A=XP(I0) 41
J=1XxB-1DR
T710.LE.0) 60 TO 40
IF(IDR.LE.O) B0 70 30
D0 20 1D=1,IDR
20 C1=Cl#(IXP-1D)
3 Ci=Ci#PUISS(I, )

C-———

GO TQ S0
4)  Ci=IERO
50 VR(IDLI=CL

h
19

PRINT POLYNOMIAL BRSIS
IF{M.LT.4) 60 70 60
WRITE(#P,2000) (KDER(I}, I={,NDIM)
2000 FORMAT(/' POLYNOMIAL BASIS, DERIVATIVE OF ORDER ',3I2)
WRITE(MP,2010) (VKSI(I),I=1,NDIM)
2010 FORMAT({9X, AT POINT ', 3E13.5)
WRITE(MP,2020) (VP(D), =1, INEL)
2020 FGRMAT(/(1X,10£12.5))
60 RETURN
END
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SUEROUTINE INVERS(VP, N, [VP, K, DET)

-

TG INVERT A NON-SYMMETRIC MATRIX WITH SEARCH OF A
NON-ZERD PIVOT IN A COLUMN
INPUT
VP MATRIX TO BE INVERTED
N ORDER OF THE MATRIX

K INTEGER WORKING ARRAY WITH LENGTH N
ouTRUT

Vo INVERGE MATRIX

DET DETERMINANT

v DIMENSION CF THE MATRIX IN THE CALLING PROGRAM

IMPLICIT REAL®8(A-H,0-1)

DIMENSION VPLIVP, IVP),KIN)

DATA ZERG/0.D0/,UN/1,DO/,EPS/1.D-13/
ABS(X)=DABS (X}

DET=UN
00 5 I=t,N
5 KiD=l
o START INVERSION
00 80 Ii=1,N
C-———- SEARCH FOR NON-ZERD PIVOT IN COLLMN II
00 10 I=II,N
PIV=VP(1, 11)
IF(ABS(PIV).6T.EPS) 60 TO 20
10 CONTINUE
DET=ZERD
RETURN
C-—--—- EXCHANGE LINES 11 AND I
20 DET=DET#PIV
IF(1.EQ. I1) 60 TO 40
1=K (1)
K(D=(D
K(D=It
00 30 J=t,N
C=VP(1,))
VoI, J)=VP(I1, 0
0 VP D=C

DET=-DET
c NORMALIZE PIVOT LINE
M C=UN/PIV

VP11, 11) =N

D0 50 J=1,
S0 VP(IL,D=VRUIL, D
C-——-- ELIMINATION

00 70 I={,N

IF(1.EQ. I1) 60 70 70

C=VP(I, 11)

202
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\-j

veil, 11)=2ERD

00 60 J=I,N
€0 va(l, =P, 1)-CRVPLLT, D)
70 CONTINUE
4 CONTIMUE
C-—-— REORDER THE COLUMNS OF INVERSE MATRIX
D0 120 J={,N
C-—-— FIND J1 SUCH THAT K(J1)=J
D0 90 J1=J,N
JI= 1)
IF(JJ.EQ.D) 60 TO 100
% CONTIMGE
100 17(J.ED.J1) GO TO 120
C-—-—— EXCHANGE COLUMNS J AND J1

KD =K ()
00 {10 I=1,N
C=va (1, I
VR(T, 1)=VP(1, Jt)
10 v, Jn=C
20 CONTINUE
RETURN
END

FUPI WY N Y PRI P a -
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S.HR0UTINE JACOB(VNI, VCORE NDIM, INEL, VI, VIL, DETD)

C —————— = -
C 70 EVALUATE THE JACOBIAN MATRIX, ITS DETERMINANT AND
C 175 INVERSE (12,3 DI%ENSIONS)
: INRGT
c NI DERIVATIVES GF INTERPOLATION FUNCTION W.R.T.
c KS1,ETA, DZETA
: : VCORE  ELEYENT NODAL COORDINATES
D c NDIM  NUMEER OF DIMENSIONS
: INEL  MMBER OF NODES PER ELEMENT
C oA
. c W JACOBIAN ¥ATRIX
¢ VIl INVERSE OF JACOBIAN MATRIX
'l : GETJ DETERMINANT OF JACOBIAN MATRIX
C -
INPLICIT REALSB(A-H, 0-D)
DINENSION VNI {INEL, #) , VCORE (NDIN, #),VJ (#), WJ1 (#)
DATA ZERD/0. DO/, UN/ 1. DO/
c
C———- FORN THE JACOBIAN MATRIX

) J=1
DO 20 JJ=1,NDIM
00 20 I1=1,NDIM
C=12R0

: 10 CC+VNI(IJ, 11)8VCORE(JJ, 1)
[ | MMED
20 J=J+t
C-——— 1, 2, OR 3 DIMENGIONAL INVERSION
GO TO (40, 50,50),NDIM
80 DETI=VIN)
IF (DETJ.EQ. ZERD) RETURN
] VIL (1) =UN/DET]
RETURN
50 DETI=VI(1)#VI(4)-VI(2)8VI(3)
IF(DETJ.EQ. ZERD) RETURN
VILCDVI(4) /DETS
VI (2)=-V1(2) /DETS
VI1(3)=-VJ(3) /DETJ
VI 18)=VI (1) /DETS
RETUN
80 DETI=VI(1)#(VI(5)#9I(9)-VI(8) #I(6))
1 +VJ(8) £(VI(B)®VI(3)-VI(2) #I (3))
2 AT #(VIIR) VI (B)-VI(5) VI (3))
IF (DETJ. EQ. ZERD) RETURN
VIL(1) =(VJ(5) #V1(9)-V] (6) #VJ(8) ) /DETJ
VIL(2)= (VI {3) W] (8) VI (2) V1 (3)) /DETJ
VI1(3)=(V] (2)#V1(6)-VJ (3) %I (S) ) /DETJ
VIL(A) = (VI (7Y 49T (6) -VI{4) 8V 1(9)) /DET]
J1(5) =V (1) 8V (DN -V (7) #I(3) ) /DETI
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VIL{8)= (VI (4) #YJ(3)-VI(6) #V] (1)) /DET]
VIL(T) =(V0 (4) #VJH8) -V {7) #V] (3)) /DET)
VIL(B)Y=(VJ(2)#WJ(7)-VI(8)Y#V] (1)) /DETJ
VOB = (VD #VI(5) -V (4) V] (2) ) /DETY
RETURN

END

SLBROUTINE DNIDX (NI, VJ 1, NDIM, INEL, VNIX)

OO OGO CY OO O

COMPUTE  THE DERIVATIVES OF INTERPOLATION FUNCTIONS WITH
RESPECT TO X,Y,Z
(1,2 OR 3 DIMENSIONS)
INPUT
UNI  DERIVATIVES GF INTERPOLATION FUNCTIONS WITH RESPECT
0 KS!I,ETA,DIETA
VIl INVERSE OF THE JACOBIAN
NDI¥  NUMBER OF DIMENSIONS (1,2 OR 3)
INEL  NUMBER OF INTERPOLATION FUNCTIONS (OR NODES)
ouUTRUT
UNIX  X,Y,1 DERIVATIVES OF INTERPOLATION FUNCTIONS

IMPLICIT REAL#B(A-H,0-1)
DIMENSION UNI(INEL,#),VJ1(NDIM, #), VNIX(INEL, #)
DATA ZR0/0. DO/

>

W
S

70 20 I=1,NDIM
00 20 J=1, INEL

C=1ER0

0C 10 1J=1,NDIN
C=C+VJIL (1, 1) #NI(T, 1)
WNIX(J,1)=C

QETURN

END
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SUBROUTINE SOL (VK3S, YKED, VKGI, VFG, KLD, NEQ, MP, IFAC, ISOL, NSYM, ENERG)

~
C TO SOLVE R LINEAR SYSTEM (SYMMETRICAL OR NOT).
c THE MATRIX IS STCRED IN CORE BY SKYLINES IN RRRAYS
i VKBS, VXGD, Vrb:
C INPUT
g VAGS, VRBD, VAG] SYSTZM MATRIX : UPPER, DIAGONAL AND
C LOWER PARTS
z VFG SECOND MEMBER
C YLD ADDRESSES OF COLUMN TOP TERMS
o NED NUMBER OF EQUATIONS
P Mp OUTPUT DEVICE NUMBER
z IFAC IF 1FAC.EQ. 1 TRIANGULARIZE THE
L MATRIX
z 150U IF 1S0L.EQ. ! COMPUTE THE SOLUTION FROM
o TRIANGULARIZED MATRIX
z NSYH INDEX FOR NONSYMMETRIC PROBLEM
o ouThUT
C VKBS, VKBD,VKBI ~ TRIANGULARIZED MATRIX (IF IFAC.EQ. 1)
i VFG SOLUTION (IF ISDL.EQ.1)
C ENERS SYSTEM ENERGY (IF NSYM.EQ.0)
C -
I¥PLICIT REAL#8 (R-H,0-1)
DIMENSION VKGS(#), VKGD{#),VKGI (%), VFG(#)},KLD (#)
DATR ZERO/0. 00O/
C -
IK=1
IF(VKGD(1) . EQ. ZERD) B0 TO 80
ENERG=1ERD
C-—— F0R ERCH COLUMN IK TO BE MODIFIED
-
JHK=1
0 100 1K=2,NER
L-—— ~ADDRESS OF THE NEXT COLUMN TDP TERM IK+1
JHKI=KLD (IK+1)
C-—— HEIGHT OF COLUMN IK (INCLUDE UPPER AND DIAGONAL TERMS)
LHK=JHK1-JHK
LHK1=UHK-1
C-—-- ROW OF FIRST TERM TO BE MODIFIED IN COLUMN IX
IMIN=TIK-LHK1
IMINt=IMIN-1
C--——-- ROW OF LAST TERM TQ BE MODIFIED IN COLUMN IK
IMAX=1K-1
IF{LHKL.LT.0) GO TO 100
IF{IFAC.NE. 1} 60 TO %0
[T (NSYM.EQ. 1) VKBI{JHK)=VKE1 (JHK) /VKBD (IMIN1)
IF(LHK1.£EQ.0) G0 TQ 40
C
C-—— #0DIFY NON-DIAGONAL TERM IN COLUMN IK
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~

C-——

19
17
0
30
~
c

c
a

30
g0

¥

JCK=JHK+!
JEI=KLD{ININ)
SR SACH TtRM LOCATED AT JCK AND CORRESPONDING 7O COLCMw il
00 30 TJ=IMIN, IMAX
JHII=KLD(1J+1)
NUMBER OF MODIFICATIVE TzAMS FOR COEFFICIENT LOCATED AT JCK
[C=MING (JCK-JHK, JHJ1-JHJ)
IF{IC.LE. 0. AND. NSYM. 2G.0) G0 TO 20
C1=1ER0
IF{IC.LE.0) G0 70 17
Ji=JHIL-IC
J2=iCK-1C
ICINSYM,EQ. 1) BO TD 1S
XG5 (JCK) =vKB5 (JTK) -SCAL (VKBS (J1), VKBS (321, 1C)
53 TQ 20
VKBS (JCA) =VKBS (JCK) -STAL (VKBTI (J1), VKBS (J2), ID)
C1=5CAL (VKRS (J1), WKG1 (J2), ID)
VKB I (JTK) = (VKBI (JCK)-C1) /VKBD (1)
JCK=JCK+!
JH=JHIL

MODIFY DIAGONAL TERM

JCK=Jkd

CDIAG=ZERD

0 79 1J=IMINt, IMAX
T1=WEBS (JCK)

1F INSYM,EG. 1) 50 TD S0
Ce=C1/VKBD(I])

vKGS (JCK) =C2

G 70 60

2229461 (JCK)
CO1AB=CDIAGH 1 #C2
Suk=JCK+L
WMBD(IK) =VKGD ( TK) -CDIRG
IF(VKBD(IK)) 30, 80,90
wRITE (MR, 2000) X

2000 FORMAT(' ##+# ERROR, ZERC PIVOT EQUATION ', IS)

[0 B o I o

100

[0 IFUE TN ol

570P

SOLVE LOWER TRIANGULAR SYSTEM

30 IF(ISOL.NE. 1) GO 70 100

IF (NGYX. NE. 1} YFE (1K) =VFE (1K) ~SCAL (VKBS (JHK) , VFG { TMINL) , LHK)
IF INGYM.EQ. 1) VFG(IK)=VFG(IK)-SCAL (VKGI (JHK) , VFG (IMINL}, LHK)
SAK=JHK §

TEUISOLNE. 1) RETURN

— 50LVE DIAGONAL SYSTEM
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femmwmam  T37 CO40N T ToaIowMne oo

SIen -
oC 30 EJ=.“‘\C..*HA~

. g
RERPELAN ISR SO

D —— \‘L\‘EL? o ‘%(:'< T3t = I

IC=MINO (O0H-0HK, O

Tl S 0 AND NGYvYLZDL L 3D TD

IFNS™. 5,10 53 70 :S

VRGBS (5TK) =351 104 -a0An w38 01 ez T2y

50 73 20

15 WES(ITN =MERLIT -3 BT I SR I

C1=SCAL (WRR (1) W¥al el
VKD (JCH = VBT D=2, 3D T
JCK=JCK+ 1
JHI=JRI

Fov o
)

<

-—-—- MODIFY ZIAGONAL TZim

[0 I o N o0 N ¥¥

F(IBC.NE, 13 50 70 %0

CDIRG=72RE
DO 70 IJ=IMING, IWEX
C1=VKG5{JTH)
IFINSY®, 25,00 50 T2 S0
Ce=Li/vial 1
VKGS (JCK: =22
50 70 &0
50 Ca=yMBI I
80 CDIRG=CDIR:+ (v 2
70 JCK=JC¥+{
VKGD([4) =v-30 14~
[F(VKED(TY ) 20
30 WRITE (MR, Z00gr 1

2000 FORMAT (' ### 22375 1290 7 SIUBERDIN

sTop

r

C-=—— SCLVZ 0wzd TRIANG 3 57371
30 [FOSOL. N b)) BC T e

IF(IBC.NE. [B) 50 70 o
TTONGYMONE, L JEGUIAIeES 4 -EDL ik
TFINSYM, EG, L VFTII4) =R 1430 et

30 CONTZVb=

- T COMMECTED BLTL-

103 CONT;NUE

Cmm—em- eNU OF ZUIMINATION DR TS RLCT
FUIBLZAONBLM) 5T 7D e

(]
[N

;
AR

e

[P0, NP PR\ SRt .. B IRV, J VIS AP . S W) = . 2 VI . N 4\ PPN § e A'j




D00 03 BT,
FIBC.SOL KD 3D T L2
asno<v=> KESI, TRIIYIN, DIvEL

IZINSYM 20, 1) ARS8l v20 B3l Dy l=llivin

y -
C-----— PRRAMETERS = CTAET7ZI fLIL-
2 110=KEB(15l)

IIIsKEBtIEC -k

':(» -;D i AA(” -

FUIBCONE, TRy JIC=000-ACEL
£
C-——— 73R 2Al- Ol OF 2l0Tn 7 L
~

D0 100 IX=IXK0, 1<
JEH=KLD (14) =50

C-—-- ADDRESS GF NEXT Z0_iM 1T TIie liel
SHKIKLD (1M 1) =00

C-—— HEl5T C: Coon D0 UINDLLTE LIiER AL

LHK= JHK 1 - 0
LR =L -

S %W OF TIRST TIRO D22 DITIE) W

[PIEFETA A )

Ar ..N IK"
NI

JLEN

.
s
eI

- _—— P vy o, e smemn - -
C-——-- W & .AST TIRM 7O sz wCDIFIID N il

=1

FILKL T 68 7C 10y
FIIFCNE. D) 63 TC %
EINSYM, I3 3T T
18l=

IF’T”'\Z.h L I¥G) I3i=IBO

FOTRC,ED. TR0 WMST/ IS SGE T TR /VUaD

PR

‘4 AF (BC.2G. B G Dl AN 38 TT G
[P, EG. 00 G0 7C e

wiy

P TIND FI96T GV LI3T e 2T Iid f

c BY CONNECTED BLCTY D30
ININC=MAXO (1NN, 1 10)
ML= NG MR

IFUIMING. 5™, I¥axl 50 70 o

r
C-—-— WODITY NI\ DIS3DNAL IS DT 11w 14
>

JC4=HK e TNINC- I H N

SROEYE

[N]
o

-

N
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TRIANGLLRIIINTION

ASTE (387CRED v FIEoeS
INTHy
G435, ¥4l vl SYSTIR RATIIX ¢ 3DTI, DIAGINAL AT LIatE
PERTS
=5 SZLOND wowaeR

WD RUDSESSES OF COLuM TGP 7I¥5
E4 OF Z0LATIONG
% GUTRUT JEVICE NUYEER

+

U s U e LTy o C s Y

1T OIRAC, AL TRIANGLLARIIRTION I

TRE MATRIX

SG. 17 150, Zh. 1 LOMPUTZ SOLLTION FRIF T-Z

TRIANGULARIZED MATRIX

NoTY INDEX =0R AON SYWMETRIL =RGBLIC

NUMRER OF FIRST EQUATION IN ZACh

H_.OCK

<Pk NUMBER OF SIRST BLJCH CONNEZTED ¢ ZRiA
BLUEX

Chor O3 Cv a7 O
N C
m
s o]

c auTAuT
Z VKBS, VK3, v431 TRIGNBULARIZZD »A7x0X (IF IFAC.ZLL O
2 VEG SCLUTISY (IF IGOL.EG. L)
P INZRD SYSTIN INZARY (IF NSYM, Q.09
= ===
INDLICTT RTRL#8 (A=A, 0-D)
CO¥MON/ L IND/NLEC, NBLX, NDUNMY (2)
JOVYIN/ZS/ N, YR DL ME M2, M3, MG vT UMY ()
DIYENEIDN VAGE(#), V« D(r,,vfc #),VFG{#) XLD{#) AES (%), <05 #)
SATR TERD79, 006

Taltd Yh
R
e

. e . e = A
EECRAC VDS BEIP AR B TRRENER: It

—————- I73 L.

z el FLO0A 7T T TRIANGULARIZED




EIRE 331/ RX 1))
IEVAGI (D 4vAT (1230
0

NI IRV

[mmem--e DEIIWRLI CLZMINT vZiTTR
e JEVIEEONE, L) B0 TQ 130
OC 120 ID=!.1Di:
AL
Fly 220,020,100
0 NERUILEVESIO VIR IS
120 CONTINLE
L3 RETUW
gD
N P
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z T3 OAGSIME_Z TLEYEAT wOTRIY (SYWWITSIZ T3 \JT) AAD/IR VECTCS, l!
- L

TeE WATITC 1D 3TISED BITéalS N II3e
z AT
’ 46 DT ING.ERi ASSIvELD NI i
: 73 IF IFG.ES.. RESCMELT SLIYENT VEDTCR °E ;
: D eI OLLLT, T i
: \Z SYWYETRID PRCELI¥, =RON SVWXETRIZ
: TLIEETIAET AND LAST DM I 4B T EE 43 .
: - 0L ELEENT OCALIZPTION VESTIX
: S0 COUATTVE SO IE-TS
2 VE ELTMENT WOTRIN KE (ULl D
: DS T

)
1

ELENDNT VELTIR €

L
<.
v
T

B 43D WHED BORAL WATEIX (54YTNE 1
z (SYMMETRIC O] NGT) )
g 20

'
!
1
I
|
I
1
1
|
A

DIYENSION AL202{%) DGR VAZ (%), VIR (VB k) VABD (9,
TOVMGI{#} VRS ()

~ Y
-

o-—-—=-- QEZIVEZ I_IVENT MATNIX

n

At

LGNS L 50 TD
SCBLOC=ALDIz -

20030 D=l Iz
TSINSYMONE, D) I2G0=00

JLHLICE D)

Tepe iy

TIILY 3G,
3 0= _D{JL+.)-10BLOC

and

HEr 3
7=t g
L AT et BRUGLLBTLVIED) B30 T %0 A

T FLR EACH 304 OF KE
30 80 AD=1.;DLE
JL=KLOCE(I2
1TINGYY, G, 1? GO 73 3

(1D-20 3¢,20,20

3

J}r O

& i
3 1L) 80,80,40 ]
Ll J
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CA_. ELEMLE(VCORE, VPRNE, VPREE, VDLE, VKE, VFE)

--- PRINT ELEMENT MATRIX

IF(%.LT.2) 50 T0 60

IF (NSYM.EG.0) IKE=IDLE#(IDLE+1)/2
TEINGYMZ0. 1) IME=IDLE#IDLE
WRITE(MP, 2000) [EL, (VKE(I),1=1, IKE)

00 TORMAT(/' $ATRIY (KE) , ELEMENT:',15/(0X, 10E12.5))
L--—m- MODIFY FG OR THE PRESCRIBED NON 2ERO D.O.F.
0 iF(NCLNZ.NE.O.AND. IB.EQ. 1) CALL MODFG(IDLE,NSYM,KLOCE, VDIMP, VKE,

1 VFB)
C-——— ASSEMBLE

CALL ASSELD(1,0, IDLE,NSYM, IE1, IE2, KLOCE, KLD, YKE, VFE, VKGS, VKED,

! VX61,VFG)

ITPE1=1TPE
70 CONTIME
C—-——- END OF A BLOCK

RITE(M4) (VKGES(D), I=1,NLBL)

IF (NSYM.EQ. 1) WRITE{M&) (WKGI(I),I=!,NBL)

17 (M.LT.2) 60 70 80

WRITE (M9, 2010) IB, (VKBS(I), I=1,NLBL)
2010 SORMAT(' UPPER TRIANGLE BLOCK OF (KB) NO:',15/(1X,10€12.5))

IF (NSYM.EQ. 1) WRITE (MP,2020) IB, (WKBI(I), I=1,MBL)
2020 FORYAT(' LOMER TRIANGLE BLOCK OF (KG) NO:?,15/(1X,10E12.5))
80  CONTIME

IF (M.GE.2) WRITE(MP,2030) (VKBD(I),I=1,NEQ)
2030 FORMAT(® DIAGONAL OF (KB)'/(1X, 10E12.5))

RETURN
END
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SLZRCUTINE ASKGD(KLD, VDINP, KLOCE, VCJRE, VAANE, VAREE, KNE, VKE, VFE,
1 VKGS, VKGD, VKB1, VFG, VDLE, VRES, XEB)

"0 ASSEMBLE GLOBAL MATRIX KG (ELEMENT FUNCTION TYPE 3)
TAKING INTQ ACCOUNT OF PRESCRIBED NON 2RO D.O.F,
VERSION : MATRIX KG STORED BLOCKWISE CN FILE M4

1y Y s OO

IMDUICIT REAC#A(A-H,0-1)
CCYMON/COND/NCLT, NCLZ,NCINZ
COMMON/ELEM/NELT, NNEL, NTPE, NGRE, ME, NIDENT, MNULL
COMON/0SSZ/NSYM, MFILLR(3)
COMMON/RESO/NEQ, NFILLR(2)
SOreON/RBDT/IEL, ITRE, ITPEL, IGRE, IDLE, ICE, IPRNE, IPREE, INEL, IDEG, 1P
t , 1COD,NULL (3) 1
COMMON/L IND/NLBL , NBLM, MKG1, MKG2
COMMON/ES/M, MR, MP, M1, M2, M3, M4, WS, MDUNMY (5)
DIMENSION KLD(#),VDIMP(#),KLOCE {#),VCORE (#), YPRNE (#),, VPREE (#),
1 KNE (%), VKE (%), VFE (%), VKBS (#) ,VKGD (#) , VKBTI (¥}, VFG (%) ,VDLE (#)
! VRES(#),KEB(#)
DATR ZERG/0.D0/
.
{-—-—— REWIND FILE M4
IND M4
{-—-—- LOOP CVER THE BLOCKS
DC 80 IB=i{,NBLM
{—-—-- INITIALIZE THE BLOCK
D0 10 I={,NLBL
IF(NSYM.EQ. 1) VKBI(I)=ZERQ
10 VABS(I}=1ERD
IEL1=KEB(IB)
[E2=XER{B+1)-1
g REWIND ELEMENT FILE (M)
REWIND M2
C--———— LDOP OVER THE ELEMENTS RSKD 34
DO 70 IE=1,NELT
{-——-- READ AN ELEMENT
CALL RDELEM(M2,KLOCE, YCORE, VPRNE, VPREE, KNE)
C——-— (CHECK IF BLOCK IS AFFECTED BY THIS ELEMENI
DO 20 1D=1,IDLE
J=KLOCE (ID
IFeJLLT.IELLOR.J.BT. IER) GO TO 20
G0 TO 40
) CONTINUE
30 'F{IB.NE.1.OR, (NCLNZ,EQ.0.AND. IB.£Q. 1)) GO 70 70

C— EVALUATE INTERPOLATION FUNCTIONS IF REQUIRED
&0  IFUITPE.EQ.ITOEL) B0 T0 30

ICOD=2

CALL CSLEM_B{VCORE, VPRNE, VPREE, VDLE, VKE, VFE)
C-———— FORM ELEMENT MATRIX

50 1C00=3
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S0 HPBINEL-1)=1E

IMIN=IK
C-——-—-- GEARCH FOR MINIMUM ROW NUMBER FOR COLUMN T0P TZ3M§
60 [=IK-LBK1+L

IFCEL LT, IMIND THIN=]

70 CONTINUE

C-—-—-— FIRST BLOCK CONNECTED TO LAST BLOCK
IB=NBL

80  IF(IMIN.BE.KEB(IB)) G0 70 90
IB=1B-1
60 10 80

90  KPB(NBL)=IB
KZB(NBL+1)=NEG+!
NBUMAX=NEL
ETUN
ZND

N JEn an an o e

AND SN SUR o o

'
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RAlne e on n am an g a4
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SUBROUTINE EQBLOC (KD, NLEL, NBLAX, NEQ, KEB, KPB)

T O TABLIS <EB AND KPR DEFINING EQUATION BLOCKS
INRUT
KLD  ARRAY OF A ADDRESS OF COLUMN TOP TERMS IN 6
NLBL  BLOCKS LENGTH
NELMAX MAX., NUMBER OF BLOCKS ALLOWED
NEG  NUMBER OF EQUATIONS
ouTRUT
KSB  ARRAY CONTAINING THE NUMBERS OF FIRST EQUATIONS IN
EACH BLOCK (DIMENSION NEG+1)
KPB  ARAAY CONTAINING THE NUMBER OF FIRST BLOCKS COMNECTED
70 EACH BLOCK (DIMENSION NEQ)
NBLMAX NUMBER OF BLLCKS
C-— ----------- e e o
COMMON/ 25/, ¥R, P, XDUMMY (10)
DIMENSION KLD{#),KEB(#),KPB(#)

(SR e IR 2 Moo BAFSS I o0 BN oo B o BN QU &F BN 99 ) (Iﬁ
1
i
1

C——— FIRST BLOCK
1LBL=0
NBL=1
AEB(1)=1
KPB(1)=1
MINE
T—-——- FOR EACH EQUATION
D0 70 IK=1,NEQ
ADDAESSES FOR COLUMN [K
J=KD (1K)
JHKL=KLD (IK+1)
51 =JHK1 - JHK
17 (LBK1.LE.NLBL) 60 T0 10
WRITE(MD, 2000) IK, LBK1, NLBL
1)0C FORMAT(' e+# ERROR,COLUMN',IS," GREATER(',IS,')THON BLOCK( IS,
0"
5T0P
C-—--— CHECK FOR NEW BLOCK
10 ILBL=ILBLALBKI
IF (ILBL. LE.NLBL) 60 T0 60
NBL=NEL+1
IF (NBL.LE. NBLMAX) B0 TO 20
WRITE (MP, 2010) IK
2010 SORMAT(' e+ ERROR, EXCESSIVE NUMBER OF BLOCKS, EQUATION',IS)

c-

STOP
20 4EBINBL)=IK
ILBL=L BK]
C-—-—-- GSEARCH FOR FIRST BLOCK CONNECTED TO COMPLETED BLOCK
1B=NBL
&0 IF(IMIN.BGE.KEB(1B)) 10 %
1B=1B-1

60 TG 40
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2060 FCRPAT/ /Y SOLUTION'//)
LMoL ARSOL (KDLNC, VCORG, VDIMP, <NEG, VFB)

c
C-———-- EVALUATE AND PRINT GRADIENTS
c
CALL ASGRAD (KLD, VDIMP, KLOCE, VCORE, VPRNE, VPREE, KNE, VKE, v7E, VKBS,
I VKGD, VKGI, VFG, VDLE, VRES)
c
C-——— EVALURTE AND ORINT EQUILIBRILM RESIDUALS AND REACTIONS
c
C-——— READ VECTOR F5 AND CHANGE ITS SIGN
REWIND 3
READM3) (VRES(I), I=1, NEQ)
D0 40 I=1,NEQ
%  VRES(D)=-VRES(I)
[———- ASSEMBLE RESIDUALS AND REACTIONS

CALL ASRESD(1, 1, KLD, VDIMP, KLOCE, VCORE, VARNE, VPREE, KNE, VKE, VFE,
1 VKBS, VKGD, VKBI, VFB, VDLE, VRES, VRES (NEG+1))
- QUTRUT
WRITE (NP, 2070)
2070 CORMAT(//* EQUILIBRIUM RESIDUALS AND REACTIONS'//)
CALL PRSOL (KDLNC, VCORS, VRES (NEG+1) , KNEQ, VRES)
RETURN
END
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SUSROUTINE EXLIND(<LD, VOI¥D, 4 CCZ, VCORE, VPANE, VPACE, ANE, VKE, VFE,
! VKGS, VKGD, V¥G1, VFG, VCCRG, KDLNC, KNEQ, VRES, VDLE, KEB, KPB)

70 EXECUTE BLOCK 'LIND?
ASSEMBLE AND SOLVZ A LINEAR PROBLEM WHEN MATRIX K6 IS STORED
BLOCKWISE ON DISK

€Y Y Y CF ¢

TMPLICIT RERL#3(A-H,0-1)
COMMON/ASSE/NSYN, NKS, NKE, NDLE

CMMON/RESO/NE, NRES, NRES

COYMON/ IND/NLBL, NBLM, MKG1, MKG2
COMMON/ES/M, ¥R, MP, M1, M2, M3, MDUMMY (7)

IYENGION XLD(#),VDINP(¥),KLOCE (#) ,VCORE (#), VPRNE (#), VPREE (#),
L KNE (%), VKE(®),VFE (#), VKBS (¥}, VKGD(#) , VKGI (#), VFG (%), VCORG (#)
2 UDLNC(#),KNED(®),VRES (#), YDLE (¥) , KEB(#) , KPB (%)

REWIND M3
C-——— FORM TABLES EB AND PB DEFINING EQUATION BLOCKS

CALL EGBLOC(KLD, NLEL, NBLM, NEQ, KEB, KPB)

WRITE (M9, 2000) NBLY
2000 FORMAT (15X, 'NUMBER OF BLOCKS IN K§ (NELM)=',IS5)

IF(M._T.2) 6O TO 10

T1=NBLM+1

WRITE(¥,2010) (KEB(1),I=1,11)
2010 FORMAT(/* FIRST EGUATION IN EACH BLOCK (EB)'/(SX,2015))

WRITE (%P, 2020) (KPB(I), i=1,NELM)
2020 FORMAT(/* FIRST BLOCK CONNECTED TO EACH BLOCK: (PB)'/(5X,&015))
SRVE FG UNMODIFIED FOR PRESCRIBED B.C.
10 WRITE (M2) (VFG(D), I=1,NEQ)

IF (M.BE.2) WRITE(MP,2030) (VFG(I),I=1,NEQ)
2030 FORMAT(/* GLOBAL LOAD VECTOR UNMODIFIED FOR THE B.C. (FG)'

1/(1%, 10E12.5))
C-—-—— RASSEMBLE KG, MODIFY FG FOR B.C. AND SAVE MODIFIED FG

CALL ASKBD (KLD, VDIMP, KLOCE, VCORE, VPRNE, VPREE, KNE, VKE, VFE, VKGS,

I VKBD, VK61, VFG, VDLE, VRES, KEB)

WRITE(M3) (VFG(D), I=1,NEQ)
C-—--— PRINT 5

I5(M.GE. 2) WRITE(MP,2040) (VFG(I),1=1,NEQD)
2040 FORMAT(/* GLOBAL LOAD VECTOR MODIFIED FOR THE B.C. (FG)'

L /(1X, 10E12.5))

T
19

20 CALL SOLD(VKGS,VKGD, VKBI, VFG, KLD, NEQ, MP, 1, 1, NSY™, ENERG, {=B, KPB)
IF (INGYM.NE. 1) WRITE(MP,2050) ENERG
20350 FORMAT (15X, ' ENERGY (ENERG)=', 1E12.5)

C—--—— KG PIVOTS AND DETERMINANT
30 CALL BRPVTS(VKED)
C--—-—PRINT OUT THE SOLUTION

WRITE (19, 2060)

e ol e




Y
.®

wRITE (MR, 2000) M,NRES
2000 TORMAT(//' ON DISK ASSEMBLAGE AND LINERR SOLUTION (M=",12,')%/
1 Y Y, 42("=")/15X,YINDEX FOR RESIDUAL COMPUTRTION (NRES) =", 15)
IF(L46D. ED. 1) CALL ESPACE(NEQ, 1, TBL(2),LKGD)
IF(LFB.EQ. 1) CALL ESPACE(NER, !, TBL(4),LFB)
IF(LKE.EQ. 1) CALL ESPACE (NKE, 1, TBL(S),LKE)
IF(LFE,EQ. 1) CALL ESPACE(NDLE, 1, TBL(6),LFE)
IS(LRES.£0. 1) CALL SSPACE(NDLT, 1, TBL(7),LRES)
IF(LDLE.EQ. 1) CALL ESPACE(NDLE,1,TBL(8),LDLE)
{-———— FIND BLOCK _ZNBTH BLLD 44
13=2
I2=1+NSYM
IF(NLBL.EQ.O) B0 TO 10
TF (NBLM, ED.0) NBLM=NKG/NLBL+2
60 7D 30
10 I1=NVA-IVA- (2eNBLMAX+2) /NREEL-1
IF(11.GE. (NKG#I2+2)) 60 TO 20

el R ) S

{--———— CRASE WHERE MATRIX IS TO BE SEGMENTED
NUBL=11/(DEUX#I2)
NBLM=NHG/NLBL+2
50 70 30
- CRSE WHERE MATRIX IS IN CORE
20 NLBL=NKG
NBLM={
13=1

30 WRITE(MP,2010) NLBL,NBLM
2010 FORMAT(
! 15X, ?BLOCKS LENSTH IN K6 (NLBL) =", I5/
2 15K,"MAX. MMBER OF BLOCKS IN KG =1, 15)
CALL ESPACE(NBLM+1,0, TBL(9),LEB)
CALL ESPACE (NBLM, 0, TBL{10),LPB)
IF (LKBS. E0. 1) CALL ESPACE (NLBL#13,1,TBL{1),LKES)
IF (NSYM, EQ. 1. AND. LKG1.EQ. 1) CALL ESPACE (NLBL#13, 1, TBL(3),LKGI)
CALL EXLIND(VA(LLD),VA(LDINP) ,VA(LLOCE) , VA(LCORE) , VA(LPRNE) ,

1 VA(LPREE) , VR (LNE) , VA (LKE) , VA{LFE) , VA(LKES) , VA (LKED) ,
2 VAILKG1) , VA(LFB) , VA(LCORB) , YAILDLNC) , VR (LNEQ)
3 VA(LRES), YR(LDLE),, VA(LEB) , VA(LPB))

RETURN

END
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C
C

SUEROUTINE BLLIND

70 CALL BLOCK 'LIND
TO ASSEMBLE AND TO SOLVE A LINEAR PROBLEM WHEN MATRIX KE IS
STORED BLOCKWISE ON DISK

44t
T

Coet

C
C

+H+

e ReN el

r

c
c

R

T+t

++4

IMPLICIT REAL#B(A-H,0-1)
CHARACTER*4 TBL
COMMON/COCR/NDIM, NNT, NDLN, NDLT, FNULL (3)
COMMON/ELEN/NULL (4) , ME, MNULL (2)
ZOMON/ASSE/NS VM, NKB, NKE, NDLE
COMMON/RESD/NET, NRES, MRES
~2#ON/LIND/NLSL, NBLY, ¥KG1, MKB2
COMMON/ES/X, ¥R, MP, M1, M2, N3, N4, NS, MDUMMY (5)
“CMMON/GLLOC/NVA, TVA, TVAMAX, NREEL, 1DUMMY
COMMON/LOC/LCORG, LDLNC, LNEQ, LDIMP, LPRNG, LPREG, LLD, LLOCE, LCORE, LNE,
! LIRNE,LPREE, LDLE, LKE, LFE, LKGS, LXGD, LKB1, LFG, LRES, LDLG, LDUNMY (4)
COMMON VA (1)
DIMENSION TBL{10), IN(3)
DATA DEUX/2, D0/, NBLMAX/100/

THIS 1S CCMMENTED OUT BECAUSE OF AN MS FORTRAN COMPILZR

BUG WHICH WILL NOT INITIALIZE SLARGE ARRAYS. THIS ARRAY

IS NOW INITIALIZED BY A CALL TO A DUMMY SUBROUTINE

INITBL WHICH EXISTS SOLELY TO INITIALIZE THIS ARRAY

DATA TBL/'4GS ','KGD ',"KBI ','F6 ',’HKE ','FE ',"RES ','DLE ',
| 'EB ','PB '/

HERE IS THE CALL TO GET AROUND THE COMPILER BUG
CALL INITBLITBL,'LIND')

ALL OF THIS IS TO GET AROUND THE MICROSOFT
COMPILER BUB

C—-—-— FILE NUMBERS

IF (M1.20.0) M1=MR

IF(M2,EQ.0) M2=ME

IF (M3.EQ.0) M3=MRES

[F (¥4, EQ, 0) Ma=MKE1

iF (S, EQL0) M3=MKBR

OOEN (M3, FILE=" $$M38$. DAT' , STATUS="NEW' , FORM=" UNFORMATTED? )
OPEN (M4, FILE=" $$M4$. DAT' , STATUS=" NEW' , FORM=" UNFORMATTED? )
DPEN (M3, FILE=" $$M58. DAT® , STATUS=" NEW' , FORM=" UNFORMATTED" )

C-——-—— RERD BLOCK PARAMETERS

N
&

000

READ (M1, 1000) IN
FORMAT (315)
IF(IN(1),NE.0) NRES=!
NLBL=IN(2)

NBL¥=IN(3)
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IF(NSY,ER. 1) 60 TO 1&0
D0 110 IK={,NEQ

CL=VKBD (1K)
C2=VF5LIK) /1

VEB(IR) =2

110 INERG=ENERG+(1#C23C2
C-—-- SGLVE DIAGONAL SYSTEM
120 IK=NEG+!
- JHK L =KLD (1K)
[ - 130 IK=I¥-1
= IF (NSYM, EQ. 1) VFBUIK) =VFB(IK) /VKBD (1K)
IF(IK.EQ. 1) RETURN
. CI=VFB(IK)
1‘!’ THK=KLD(TK)
3 JBM=JHK1-1
IF (JHK.6T. JBK)BO TO 150
] 1J=14-JBK+ JHK-1
{ DO 140 JCK=JHK, JBK
VEG(1J)=VF5(1J)-VKES (JCK) #C1
' ® 140 1J=1J+1
k e
150 JHK1=JHK
. G0 T0 130
- END
1 SUNCTION SCAL(X,Y,N)
‘ c INNER PRODUCT OF VECTORS X AND Y OF LENGTH N
&= c (FUNCTION TO BE WRITTEN EVENTUALLY IN ASSEMBLER)
’ C
! IMPLICIT REAL#8(A-H,0-1)
- DIMENSION X(#),Y(#)
$ DATR 2ER0/0. 0D0/
. C
F SCAL=2ERO
00 10 I=t,N
- 10 SCAL=SCAL+X(I)#Y(I)
i RETS
[ END
.
!
.
o
[
r
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TFNGYMLE, L) WATTEING) <3TiTL, TE o NCEL
105  CONTINGE

IF{ISOL.AC, 1) RETURA

C
C-—-- SOLVE DISGIMAL G¥37I¥
c
IF(NGYM.20. 1) B0 "3 130
D0 110 IK=1,ED

Ci=KGD (1K)
Ca=VFG(IK) /CL
VFG(IX)=32

110 ENERG=ENCRG+CI#Cix(Z

C
C-—=— 80LVE LrFZZ3 7RI6NBLLAR 3757z¥
C
120 IB=NBLM
[X0=<EB(1B)-1
JO=K. DCIKO+1) -1
IK=NEQ+!
JHKL={LD{TK) =50
C—=-—-- FOR CVEQY ECUATION RO N3 T &
130 IK=1K-t
f———— READ A BLICK IF RZIUIRZD
IF(IK.NE. THO) 30 7D i3S
BACKSPACE S
IF(NSYM,EQ. 1) BRCUSPACE *5
READ(MS) (VKES(D), 1=t \Bu)
IF(NSYM.EQ. 1} RERDME) OMBI(I, I=1,\LEL)

BACKSPRCE M3

IF (NSYM.EG, .. BACKSRACE »2
IB=1B-1

IKO=KEB(IB) -1
JO=KLD(IX0+1) -1
JHKI=KLD LXK+ 1) -J0

YODIFY THE CNANCWN WECTCR
135 IFINSYM.EQ. 1) VFB(IX)=VER(IK) /VKED  In
IF(IK.ER. 1) RETURN
C1=VFB(IK)
JHK=KLD (1K) -J0
JBK=JHK 1|
IF (JHK. BT, JBK) GO T3 150
1J=14-JB+ Sk
D0 140 JCX=3H4, JBK
VFB(1J)=VFB {1 0) VKBS (JCK; #C1
140 1J=1J+1
150 JHK1=JHK
60 T2 130
END

f

.
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STl YYD Woe, T
SUBRTUTING Hnoi

C_—_-_—.._—:::—-_—--_--_::::::::: SIS S-S ICLIZII I SSNIZ Lz =Z=ZSTTTz=zzoDtoon
C 70 CALL BLGIY ““iiv

" TO S3LVE A STIRDY NON _INZAR TRIZIT

C CITIZTooCoCTTTCCIZSZSIIISSooosISsSIoooIITIoo

IMPLICIT REAL¥8(A-A,J-1)
CHARACTER#4 TBL
COMMON/ELEM/NULL (40 g M2, ¥NULL (2,
COMMEN/ASSE/NSYX, NKB, NvE, NDLE
COMMON/RESG/NEQ, NP ILCRAED
COMMON/NLIN/ Z75DL , KNCRM, C#S3R, X568, D255, 53450, \IR3, 252, 1715,
1 ITER, IMETH
COMMON/ES/M, MR B, AL, 2 A3 94 MDUMY (S
CUMMON/LDC/ECORS.LDL\H,~~_:,;ZZV',-3n\a.; AEE, L3, 008, LI
t LPRNE,LPREE, LDLE, L ME, 72, B3, 2400, -431, 275 J32
2 LDUMMY(3)
COMMON VA(1)
DIMENSION TBL(10), IN(Z),XIN(3)
Cest THIS IS COMMENTED OUT BECAUSE COF A\ M3 =C5™s0y ZIwsl =%
C+++ BUG WHICH wIL_ NOT INITIALIIE $LARGE ARRAYD. T-13 5333y
Cte+ IS NOW INITIALIZED EY A CALL 70 A DuMvY SUBRZUTINZ
Co++ INITBL WHICH EXISTS SOLZLY 7O INITIALIZE 7415 ARRAY

- mme o mmes =
‘_‘_._,
7 om o= s
Sy ey = 2y

C
c DATA TBL/'KGS ', 'KBD ', 'K6I ','F5 7, 'RE ',PFTOY'RIE C,'DAE Y,
C & 'DLG','™E '/
c
c HERE IS THE CALL TO BET AROUND T+t COMPI_ZX BUE
CALL INITBL(TBL,'NLINY)
c

Lo+t ALL OF THIS IS TO GET AIOUND THE MICROSOFT
Ces COMPILER RLG

C
C

IF(1.EQ.0) ¥i=MR
IF (M2, EQ.0) M2=YE
WRITE (NP, 2000) ¥

2000 FORMAT(//' NON LINEAR SOLUTION (M=), 12,")'/1X, 23" ="))

C 70 ALLOCATE 5PACT
IF (LKBS. £0. 1) CAL Z55ACZ(NHG, !, TBL(1),L4GS;
IF (LKGD. EQ. 1) CALL ESPRCE(NETD, 1, TBLIR),LAGE!
IF (NSYM, £Q. 1, AND, LG1. 20, ) CAL. 57ACTINYG, 1, TR, 13), 451)
IF(LFB.EQ. 1) CALL ESPACE /S, :, %14}, LF3!
IF(LKE. 0. 1) CALL ESPACE(NXZ, !, 3L 3., ¥
IF(LFE.EQ. 1) CALL ESPACE(NDLZ, !, 5L e,,
IF (LRES. ED. 1) CALL ESPACE(\EZ,:, "E_(T)
IF(LDLE.EQ. 1) CALL ESPRCE(NDLE, !, 7% LI
IF (LDLG.E. 1) CALL ESPACE (AEG, ',‘:_ 5, 05
IF (LME.EQ. 1) CALL ESPACE(NKE, 1, TH_ "0}, *%)

C-——-—— 70 EXECUTE THE B_CCY
CALL EXNLINIVA(LCORG) VAL DLNG) V81 LIv3r, /20 AT, &0 0",
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1 VA(LLOCE), VA(LCDREY, Ve T oD Do
2 VAILFE), VBILDLE) ,vA(4 IR

3 VAILDLEY)
RETURN
END
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$LARGE

SNOFLOATCALLS
SUBROUTINE EXNLIN(VCDRG, 4DLMC, vDI¥D ANED, K10, K_ITE, vEDRZ, V3R,
1 VPREE, KNE, VKE, VME, VFE, VDLE, VKBS, VKED, VKGE, VF5, VRES, VELS)

TG EXECUTE BLOCK 'NLINY
70 SOLVE P STERDY VON LIEAR PROBLIM

Low I o TN o0 Y o]

IMPLICIT REAL#8(A-4,0-1)
COMMON/RESO/NEG, NFILLR(E)
COMMCN/COND/NCLT, NCLZ, ACLNZ
COMMON/ASSE /NSYM, ¥ETLLA(3)
COMMON/NLZN/E9SDL, ANGRM, D¥Z28, X3RS, D343, P45, 4345, 13RS, NITZ3,
! ITER, IMETH
COMMON/ES/M, AR, YO, ¥ %2, %3, ¥4, ¥I_W¥Y (€)
DIMENSION VCORG(¥),KDLNC (#1,VDIMD (%), £T2(#) KLD (%), KLODT ia,
I VCORE(#),VPRNE(¥), VEREE (#) , ANE (4], WAE (45, W¥Z (61 4 T2(R), VOLT 14
2 VKES(#),VKGD(#), VXGE (¥), VFE{#), VRES (¥}, VIL3 ()
DATA ZERD/0. DO/
C ———
DPASO=1ERD
XPAS=ZERD
1PAS=0
C-———— READY INITIAL D.0.F. ON FILZ %3
IF(M3.£0.0) 60 T 10
REWIND M3
READ(M3) (VOLG(D), I=f,NED)
C——— READ A 2ARD CEFINING P SET OF IDENTICAL STESS
10 READ(M1,1000) DPAS,:%,1Z,13,%i, %2
1000 FORMAT(F10. 0, 315, 2F 12, 3}
IF (DPRS. EQ. 25R0) 60 ™0 it0
IF(I1.57.0) NPRAS=I:
IF (12,5T.0) NITER=i2
IF(13.67.0) IMETH=13
IF (X1.67. Z5R0) ZPSDL=X:
IF (X2, 6T, ZER) CMEGR=1C

C

C-——— LOCP OVER AL STEZS

C
DO 130 IP=1,NPAS
IPRS=1PAS+
XPRAS=XPAS+DPAS

WRITE (9, 2000) {PAS,DIAS, X935, 1722, [¥I™H, I380_, T*26A
2000 FORMAT(/1X,13('-"),157Ep MOWEER (IFRS: ", 1S/,
1 14X, " INCRENEN" :0paz) = 1155/
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2 16X,V TR EVEL ARREE, TILE,
3 14X, "NUEZR 07 ITIIATIIN: OREIEREEY
4 14X, "METROD \ 7553 Wit Tl
5 14X, * TOLERANCE R EUNE R
6 14X,"QVER RELAXATICN <RI773  Zv33f.=t,I.1,1 )
C
C-——— LOOP QVER EQUILIBRILM ITZRATIONS
C

DO 110 ITER={,NITER

CHOOSE THE METHOD
IF (IMETH. GT. 3) GO TO 20

C————— NEWTON TYDE METRODS

C

CALL NEWTON (VCORG, KDLNC, VD4R, KNEQ, KLD, KLOCE, VCORE, VATAE, V3322,
1 KNE, VKE, WME, VFE, VDLE, VKES, VKGD, VKBI, VFG, VRES, VILE)
50 TO 100

C CTHER METHODS ......

20 CONTINGE

WRITE (MP, 2010) INETH
2010 FORMAT( % ERICR, 700", 13,7 LNKNGWA')
sT0P
C-——-- COMPUTE THE NCRM
100 CALL NORME (NEQ, VRES, VDLG, XNGRM)
IF(M.GT.0) WRITE(MP,2026) ITZR, XAGRM
2020 FORMAT(SX,' ITERRTION (ITER):?,13,' NORY (XNORM)=',Ei2.5)
IF (M,62.2) CALL PRSOL (4DLNC, VCGR3, VDI, KNEZ, vDu5)
IF (XNORM, LE. EPSDL) 60 70 120
110  CONTINUE
ITER=NITER
C-——— IND OF STEP
120  DPASO=DPAS
WRITE (M9, 3630) ITER,NITER
2030 FORMAT(/10X,14," PERFORMED ITERATIGAS CVZAR?, I4/:
IFM,LT.2) CALL 9350 (XDuMC, VCGRG, VDINR, UNET, VD-3)
130 CONTINUE
50 TO 10
C-——-- SAVE THE SOLLTIGN CN FiLZ r4
140 IF(MA.NE.O) WRITE(M4) (VDLB(I), 1=1,MED)
RETURN
END
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SUBROUTING NEWTON(YI0R3,# Do, wOive, - 10,00 - 005, L1038, LR
1 VPREE, XNE, VKT, V»E, WFE, vDLT, VKES, w30, - 21,75 Y
C zzozssszzssszzssszzzzzsossoas
C ALGORITHM FOR NEWTCN-ARR-SCN TYPE ¥ETWQI3
C IMETH,EQ. 1 COMPLTE X A7 2RCH 1TIRATION
c IMETH.EQ.2 K IS CONSTANT
c IMETH.EQ.3 RECOMPUTE X AT 7=8 2Z3INING IF ZAZ- 5723
C== s===azoxTsssss=-=sTsss=ss=soe=o
IMPLICIT REAL#A(A-+,0-1)
COMMON/RSSE/NSYY, KB, MFILLR(Z)
COMMON/RESD/NER, NFILR(2)
COMMON/NLIN/EPSEL, XNORN, CMESR, XPAS, D3RS, DPASE, N2AS, 1723, 7.1,
1 ITER, IMETH
COMMON/ES/M, ¥R, ¥R, XTummy (10)
DIMENSION VCORG(#)  KDLNC{#),VDIMA{#) JANEG(#), 4 D (%}, a I02 (4,
1 VCORE (%), VPRNE (¥}, VPREE (¥ ¥NE (#), WWE (#) WME [+, WTE 1#) VDLE{¥),
2 VKBS(#),VKGD (%), VKBI 1%}, vFo{#) ,VRZC(# VI3 (R
DATA ZERD/0.DO/,UN/1. DO/
C
C DECIDE IF GLOBAL MATRIX IS5 7O REAGSIME.LD
IKT=0
[F(IMETH.ZG. 1) 6D 70 10
IF(1PRS.EQ. .. AND. ITER.EQ. 1) 50 70 10
IF(IMETH. 2. 3. AND, ITER.EQ. 1) GO 70 10
60 70 20
10 IKT=1

C-——- INITIALIZE GLOBAL MATRIX 70 Z2%0 IF 17 I5 70 BE A353YELI
20 IF(IKT.EQ.0)60 TQ 30
CALL INIT(ZERD, N4B, VKGS)
CALL INIT(ZERD,NEG, VRGD)
IF (NSYM, E2. 1) TAL. INIT(ZZ30,NKG, V4<BI)
C—-——-- STORE LOADS IN THE RESIDUAL VECTOR
30 CALL MAJ(XPAS, 7E30,NEQ, VFG, V3E3)
C ASSEMBLE RESIDUAL VECTCR, AND EVENTUALLY THE SLOBAL MATRIX
CALL RSNEWT (IXT,KLD, VD:%0, 4_CCZ, VECRE, ¥IRNT, v2EE, (NE, VAT, UFE,
1 VKBS, VKGD, VKGI, VDLG, VDLE, vRES)
C-——- SOLVE
CALL SOL (VKBS, VKBD, VKG!, VAES, 4., 832, %3, 147, 1, \67*, T33%3
IF(IKT.EQ. 1. AND.M.GT. 1) CALL PRPV™G:V4GD)

C-———— UPDATE THE SOLUTION \Ea”
CALL MAJ (OMEGA, UN, NEZ, VRES, VOLE)
RETURN
END
227
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' SUBRCUTINE ASNEWT (147,40, vD 142, -

‘ 1 KNE, VKE, VFZ, VKGS, VKGD, v¥51, /75,
TO ASSEMELE THE RESIDUALS XD T2E GLIEA wp™31Y (1T T4T,II L,
WHILE LOOPING OVER THE £_ZvIN°S A2 5 ]
(FOR THE NEWTON-RRP-SON METRCT:

Lo B0 B o BN o N g |

. IMPLICIT REAL#8(A-H,0-1) ]
Ii COMMON/ELEM/NELT, WNEL, NTPE, NGRS, X2, 410ENT, MiLLs |:
COMMON/RSSE /NSYM, MF ILLR(3)
. COMMON/RESO/NEQ, NFILLR(2)
COMMON/RBDT/ 125, 1778, ITAEL, I8RE, IDLE, 1OF, 1PANE, 1 232E, 1L, 1253, 075
1, 1C0D,NULL(3)
COMMON/ZS/, ¥R, 9, 11, M2, ¥DUMny (3;
‘ DIMENSION KLD(#),VDIM2 (%), HLOCE (%, VCORE (#), VPRNE (#), VFAZZ (K.,
1 KNE (%), VKE (¥), V5E (#), VKBS (%7, VXS (%), V41 (%), VEG 1) VDLI {4},
2 VRES(#)
C 4
C—--——- REWIND ELEMENT FILE "2 RSANE 13
REWIND M2
C——-—- LOOP QVER THE ELEMENTS
D0 40 IE=1,NE_T
READ AN ELEMENT
CALL RDELEM (¥, KLLCE, YCORE, VARNE, VAREZ, ANE)
EVALUATE INTERPCLATION FUNCTIONS IF REQUIRED
IF (1TPE. EQ. ITREL) GG 75 16
1C0D=2
CALL LEMLBIVCORE, VI3INE, VO3EE, VOLE, WKE, VFE)
c FIND THE D.0.F. CF THE Z_EYINT EROM VEG
10 CALL DLELM(KLOCE, VFG, vDiMB, vDLE)
C--——- CALCULATE ELEMENT RESIDUALS AND THANGT THEIR 5IGN
1C0D=6
CALL ZLEMLB(VCORE, VOINE, S%EE, VDI, Vi E, V71)
D0 20 I={,IDLE
20 VFE(D=-VFE(I)
C——-— EVALURTE GLOBAL MATRIX
IF(IKT.€0.0) G0 70 30
1C00=4
CALL ELEMLBIVCCRE, VORNE, VAREE, VDLE, WHE, VFL;
C-—-—— RSSEMBLE THE RESIDLALS AND THE GLOEAL YATRIX
30 CALL ASSEL(IAT, 1, IDLE,\SYY, A_LCZ, 410, VKE, VE, Y458, ¥-3D, V431, ViZ3:
40 ITPEi=ITPE
RETURN
ExD

P, N W
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SUBROLTINE INIT{X Ny V!

INITIALIZE VECTCR V 7O VRLUE X

IMPLICIT REAL#B(R-H,0-1)
DIMENSION V(#i

00 10 I=t,N
VET=X
RETURN

END

SUBROUTINE MAJ(X{, 2, N, V1, ¥2)

EXECUTE THE VECTIR CRERATION: Ve=iisvl +« X282
X1,X2:8CALARS  Vi,VZ:VECTORS

[ B0 I or B v }

IMPLICIT REAL*8(A-H,0-1)
DIMENSION Vi(#),v2(+)

10

D0 10 I=,N
VRID)=X1#V1 (1) +X2W2L D)
RETURN

END

SUBROUTINE NOR¥E (N, VDEL, V, ANGRY)

[ B W )

COMPUTE THE LENGTHS RAATIG OF VECTCRS VOe. AND V

IMPLICIT REAL¥8(A-H,0-1)

DIMENSION VDEL (#),V(#)

DATA ZERO/0. DO/, N/ 1. 007, FAC/ L. 3-3/
SORT (X) =DSQRT (X

C1=1ERO
Ce=1ER0

D0 10 I=1,N
C1=C1+VDEL (1) #VDEL(D)
Co=C2+V (1) 8y (1)
C=C1#aC

IF(C2.LE.C) Co=uN
XNORM=SGRT (C1/C2)

RETURN
END
.
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SUBROUTINE 37240
C STEZCIsoIS I IIISIIISISCSOCoTIISATISITSITISSISToooIZZISII=So
C TO CALL BLOCK *TEM®
c 70 SCLVZ AN UNSTZADY 3RZZ X .1nZA% Z3N0T)
(==s=s======z=z=s===ssss=ssssos=sosossosssssssszzsssssssssssossosszzszsooos

IMPLICIT RtAL«8(R-r,(~-1)

CHARRCTER#4 TBL

COMMON/ELEN/ NCLL (6], ¥E, ¥NGo (2)

COMMON/ASSE /SN, N<G, RXE, NDLE

COMMON/3Z50/NEG, N ILLRI2)

COMMON/NL N/ 5300, KNG, OMEGA, KBRS, D3RS, DAR30, \I43, 1333, 1713,

1 ITER, IMETH

COMMON/ES/M MR, MP, ML M2, w3 M4 M oAV (5

COMMON/LOC/LCORG, LDLNC, LNEZ, L27¥5, L3ANE, LARES. LD, LGCS, L0055, A,

! LPRNE, LPREE, LDLE, LXE, L7E, L85, L7130, 431, =75, 2353, 0.8, _¥2,

! LDLEO, LDLGO, LFBO

COMMON VA(1)

DIMENSION TBL{13), INt2),XIN(3)
L+ THIS IS COMMENTED OUT BECRUSE OF AN M5 =CRTRLN CIVRILZR

Cots BUG WHICH WIlL NO7 INITIACIZE $.RRSZ ARRAYS. T-15 434«
Cess IS NOW INITIALIZED BY A CALL 70 A DLMMY SCERGUTING
Covr INITBL WHICH EXISTS SOLELY 70 INITIALIZT THIS AR-AY

c
C DQTQ TEL/'!‘(GS ' ,"\‘JD \) 'f(G‘ ) !Cr‘ ""'(E !":E ”TQES ’,
C % YDLE','DLG','ME ', 'DLEQY ’DLGO’,’CGO v
c
c HERE 15 THE CALL TG BET ARGUND T=E CC®PI_Z? Bu3
CALL INITBL(TEL, TEMP")
c

Cree ALL OF THIS IS TO BET ARGJND THE AICROSGF™

Cees COMPILER HUG

C

C _—
IF (M1, EQ.0) Mi=™R
IF (M2, EQ. 0) M2=M&
WRITE (MD, 2000) “

2000 FORMAT(//* UNSTZAJY SOLUTION (=1,12,")'/1X,e30="1}

C-—- T0 ALLOCATE SnqCE
IF(LKBS. EQ. 1) CALL ESPACZ(NKG, !, TBL(1), KGS)
IF(LKBD.EQ. {) CALL ESPRCE(NER, I, TEL(Z),L4GD)
IF(NSY!.EQ.:.AND.JGI.ED.:) CA__ EEPACZ (NAG, {, TBLi3), LXa1)
IF(LFG.EQ. 1) CALL ESPACE (NED, [, TRL14),LFQ)
IF(LKE.EQ. 1) CALL -aDQC:(\r(r.,A, TELS), AT
IF(LFE.EQ. 1) CALL ESPACTINDLE,:, "5 60, J70)
IF(LAES.EQ. 1) CALL E59ACE NED, &, "3L{7),_25)
IF(LDLE.EQ. 1) CALL ESPACE(NDLE, :, TR (&), 2LE)
IF (LDLG, Q. 1) CRLL ESPACE (NEQ, ‘,’E- M,.L.3
IF(LME.EQ. 1) CALL ESPACE (NKE, ., "3 (10), L _)
[FILDLE0.EQ. 1) CALL ESPRCE(NDLE, ! 'H- Sy JDE
IF(LDLGO.EQ. 1) CALL ESPACE: Eu,:,’ah &), Lol
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]
IF(LFBO.E5. 1) AL 282812 v23,¢, 7513y, 73
Lmmmmmm T0 EXECUTE ™€ B.Clv
LL EXTEMPVAILED®S), WAy DN | W8 D15 208D ]
! 1 VQ(LLuCc) VA(LCORE) WA (LARAE)  VR: COET) ,2v T Ji oD |2 %
2 VALLFE) VALLDLE) V(L 435) VB . _<BD0 Wi <311, .0 75 .3 o1
3 VAILDLB), VA(LDLED)  VAILDLEO! LR LT3
RETURN
END
I SUBROUTINE EXTEMP{VCSRG, <D_NC, VDI¥E, .20, < 2, o003, v20%, L35,

1 VPREE, KNE, VKE, VME, VEE VILE, vASS, WKED, VG T VTS, 325 VDG,
2 VILEOQ, VDLBC, v&a0)

(o B ov B ov B o9 )

TQ EXECUTE BLOCK ' TEMP
T0 SOLVE AN UNSTERDY SRGH_z (LINZ3R LRADTH

IMBUICIT REAL#8(A-H,C-1

COMMON/RESG/NEQ, NFILLR(2)

COMMON/COND/NCLT, NCLZ, NCLNT

COMMON/RSSE/NSYM, MEILLI(3)

COMMON/NLIN/EPSDL, XNORY, O¥EGRA, X2AS, DPAS, DPASO, N3RS, 1255, 81715,
1 ITER, IMETH

COMMON/ES/M, ¥R, 3, 11, M2, ¥ 3, W4, MDLYNHY 15)

DIMENSION VCORG(#),KDL \C(i,,v.x*ﬂ(*),KNEG(*),%LE(*),K;:CE;f;
1 VCORE(#),VPRNE (%) VPREE (#) , {nZi#), vXZ(#i WMk, /72 03 VILE (8],
2 VKGS(#),VKGD(#),VKGI (%), VFG(¥) V~E-t*,,.uha‘k WILED(R),

3 VDLGO(#) YFBO (#)
DATA ZERD/0. 0O/, UN/1.D0/

! C-—-—— READ INITIAL D.O.F.

DPASO=ZERD

XPAS=ZERD

1PAS=0

ON ILZ M3
IF (M3.EQ.C) GO 70 S

REWIND M3

READ(M3) (VDL (D), 1=1,NED)

CALL MAJ (UN, ZE7C, NET, VDLG, VILGO)

C-—-—- SAVE T-E REFERENLE _CRD CONDITIONS

S

10
1000

c

CALL MAJ(UN, ZERC, NEG, WF3, VF50)

C-——— READ A CARD DEZINING A 537 £F IDENTITAL STES

READ (M1, 1000) DPAS, 1. 12,13,(.. X2
FORMAT (F10. 0, 315,2F 10, )

[F (DPRS.EQ, ZERD) GO "0 (40
IF{11.G7.0) NPAS=1

[F{12.GT.0) NITER=IC

IFU13,67.0) ¥E74=12

IF(X1.G57, ZER0) EFSDL=XL

IF (X2.NE. JZR0) 2¥Ior=1Z

{-——— L0O0P QVER "<E 5773

s, - . M
e —— e e N [ g .
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20 130 IP=1,NP4S

CALL INIT{(ZERD,NEQ, vT5)

1PAS=1PAS+1

XPAS=YPAS+DPAS

WRITE(9, 20000 1903, 5786, X7AS, \1 7T, 1¥Z™-, 2360, OVI34
2000 FORMAT(/1X,13("-%),"STZD ~*B3% (173G, 15//

{ Laky ' INCREMENT LARG =T 22
2 14X, T TOTA. L2VEL (X=o8i=' R12.E,
3 14X, "NUMBCR CF 17Z337I0NS INTZR =T LN
4 14X, "METHOD NUMBES (Iweie) et Tl
3 14X, * TOLERANCE ESEIY
6 14X, ' CORFFICIENT ALPHA 'OMERR)=T, ZIL, S
C
C-——— L0OP OVER EQUILIBRIUM ITERATIONS
C

D0 110 ITER=1,NITER
C--—-— CHOOSE THE METHOD
IF(I¥ETA.57.3) 80 7D 20
C——-— EWLER TYPE NETHODS
CALL EULER (VCORG, $DLNC, VD149, ANEG, KLD, KLOCE, VCORE, VAINE, VRAEE,
1 KNE, VKE, VXE, VFE, VDLE, VKGS, VKGD, VKG1, VFE, VRES, VOLG,
2 VDLEO, VDLBO, VF50)

GO T0 100
C-——— OTHER MSTHODS ......
20 CONTINUE

WRITE(MP, 2010) I¥ETH
2010 FORMAT(' ## CAROR, ETHOD:',13," NKNCWN')
ST0P
C-——— COMPUTE THE NOR™
100  CALL NORME(NEQ, VRES, VOLG, KNCRY)
IFM.BT.0) WRITZ(ND, 20200 (723, XAJ=Y
2020 FORMAT(SX," [TERATICN (ITES:', 13,0 \CAM (XNGRMI=', 312,
IF (M.GE. 2) CALL 93S0L (KDAC, VESAB, W31¥3, 132G, v3o5)
IF (XNORM, LE.EPSDL) 6O 70 120
110 CONTIMGE
C-—--——— END OF STEP
120 DPASO=DPAS
CALL MAJ{UN, IERD, NED, VDLG, VDL60)
CALL PRSOL (KDLNC, VO3B, VDIXP, KNEG, VILS:

130 CONT(NUE
60 10 i0

C- SAVE THE STLUTICN TN FIuZ %4

140 TF{MANE. O} WRITE(™4) (VOLS(DN, 1=, NEQ)
RETURN
END

tJ
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UTINE B30, TTRI T It DT e T TTIo IR n s
0 TR T O et N A T
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VDREE,KK_‘JV:./”E.a T TLE IR L eI RS RES, VUL
YDLED, VDLGO, v=E0

My

ALGORITHM FOR T FR TYRE ~STnTDG (I¥O_ITIT, Z¥DUT
ACCORDING T CMESA) TR JINEAR OR NON LINERY F-lZIvE,
THE NON LINEAR PROBLEM IS SOUVED 27 & NCLTON-REZ-31.
METHOD
IMETR.EQ. D STANDARD NZWTIN-3R=-5TN
IMETR.EG.2 K IS ZONSTENT
IMETH.EG.3 X IS RECOMPUTZD A™ T-E BIoIN\ING OF zAC- I7:f

)Yy OOy ¢y Y Y OO

IMPLICIT Rerc#8 (-, C-0

COMMCN/RSSE /NSYM, NKS, MFTLLR(2)

COMMON/RESO/NED, NI Ria

COMMON/NL 2N/ 295D, ANGM, SYESA, XARS, DRAS, [RAS0, Mar3, [7A5, 81715,
1 ITER, IMETH

COMMON/E5/M, R, B MGy {1y

DIMENSION /CGQG(N KOUNC 120, VDI () (ANEQ(#)  4LT{#) L2028,
1 VCORE\",VQRNE(",VD“E:{'/,. .k:,&ﬁ:\*),UY:.*B,V:E i
2 VDLE{#), VKBS (#), v<3D(#) ,WKE1 (%), v=5 14, V328 0#) (W DLS 00,
3 VDLEOQ(#),VDLGO (#),VFG( (#)

DATA I2R0/0. D0/, UN/LL 26/

Lrmmm- -— DECIDE IF GLOBAL MATRIX IS T2 BE SEASEZZMELID

IKT=0

iF{IMETH.e0. 1) G0 70 10

IF (DPAS, NE. DPRSO. AND. ITER.EQ. L 60 70 10

IF (IMETH.EQ. 3. AND, ITER. 2R 1) 36 70 0

80 70 20

[KT=1

-————— INITIALIZZ GLIBAL MATIX 7O IERQ [F NEIZ3SARY

IF(IXT,EQ.0} GO 70 20

CALL INIT(ZERQ, G, v4G5!

CALL INIT(ZERD, NEQ, V<G

[F (NSYM, £Q. 30 CALL INIT\ZET, NKa, v45I)

C————--- ASSEMBLE RESIDUALS AAD SUCBRL XATRIX IF REQUIRED

30 CALL mAJ(UN, ZERDMET, VRGO, VIES)
CALL ASEULR(IKT,VCORG, “DLNC, VDI™P, XNEG, LD, 4LSCE, VETRE, VRARAT
I VPREE, KNE, VKE, VME, VFE, VDL 2, 4GS, VHED, /451, vFh, V325, V3 S,
2 VDLEO, VDLGO, VFGO)

<o

' e

(4%
<

Cl=UN

IF (ITER,BT. 1) C1=Ci-CMERP

00 40 1=1,NED
80 VRES(I)=DPAS#/VRES(1)-21#VE311)
C-——— SOLVE

CALL 5OL (VKG3, VKBD, W51, VRES, <D, \E3, "0, IKT, I, \G¥M, T¥Ia3:
C—-——- UPDATE THE SOLUTIOM

CALL MAJ (LN, LN, NEQ, V323, VDL5:

RETURN

oND
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SGEROUTING ASZ_LIIS7 VC:ZE.':_-:, P A
VPRNE, VPREE, KNE, VRE, VYE, JFg, VDT, V425, 4GS, M3l vEL, Lets,

{
2 VDLB, VDLEO, VD30, V= 50)

T0 RSSEMBLE THE RESID
WHILE {00280 CVER T
IMPUICIT REAL#B(A-H, - 1s
COMMON/ELEM/NELT, NNEL, NTHZ NGRE, M, NIDERT N
COMMON/ASSZ/NSYY, #F 1_LR{(3)

COMMON/RESTI/NEQ, NFILLRID)

COMMON/IGD 7/ 12, 1795, 17221, 1582, 1DLE, 1CE, [FANE, [FREL, N0, 1225, 155
1 (ICOD,NULL(3)

COMMON/NLIN/EDSDL, XNCM, T¥EGA, X3R5, J-AS, D030, AF4S, 1285, V1755,

! ITER, IMETH

COMMON/ EG/M, MR, MP, M1 ME, MOLMMY &)

DIMENSION VCORG(#) KDINC(#}, VDI¥D (ki ANEZi#), <L2iel b CE(#,

1 VCORE (#), VPANE (#) , VPRES (#; ANZ(#) VI i#), vr2in) Vo0 VILZI0),
2 VKGS(#),VKGD #) VKGI (¥}, VFG(#),VRES(#), v 5 #) (VI ZI(#]

3 VDLGO(#),VFSGi#)

DATA UN/1. D0/

)y O O

)
[}
]
]

CC=DPAS*CMEGA
IFe=0
IF¢
C-————— REWIND ELEM

REWIND w2
C——— LDOP OVER THE ELEMENTS

DO 30 IE=I,NELT
C—————— READ AN ELEMENT

CALL RDELEM(MZ, 4LOCT, vISRE, VERNE, vARZE “NE)
EVALUATE INTERPCLATITV FLNCTIOAS I REQUIRED
IF(ITPE.EQL (TREL) o0 73 LG
1C00=2
CALL ZLEM B(VCORZ, VPANE, vP32%, /0L, v-2, V72)
FIND E_EMENT D.Q.F. FRO» /F:
10 CALL DLELM(<LCCE, 'VELJ, FARVINEY
L-———— COMPUTE TWE “ESIDUAL 4.0,

iCCD=6

CALL ZLEMUB(VCORE, v2A0T, ¥EIR5 VO L, V4E, v D)
C-—--—— COMPJTE =ATRIX M

1CC0=5

CALL cLzMLBiIVITRE, vIANE, VIRZE, /U 2, (42,71
L-==——— COMPUTE MATRIX & IF SEQUIRED

IFUIKT.EG. Sy 50 75 15

[COD=3

CALL ELE.‘LB('VC':?E, 43:\)\:, ST, VDI, v
RESIDUALS OF ™wE FISS™ ITESRTIZN In Zal~ 57EC UINERY)
15 iFHITERLGT, 0 60 7D &0

CALL RSBE_ (0, 1, IOLE NOY L o0, w D, -0 75, 452

Qo /‘\_’..', Sy T3

ITER.G7.L) IFE=t

v FILE M)

——nw-

~
L=

[P,

(R}
(o)
N
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N

»




.- - WO S S Al A SRR R MR SN R At S AR hadiiul ADARL SNl e ¢ fh el S Al v ow v e oew e Ty LT

GG T3 80
J-———-- RESIDUALS AFTER FIRST ITERRTILY
2u CALL DLELM(WLICE, VDG, vDiwe VD20,

D0 30 I=t,1D.z

VDLE (T =(VDLEC (D) -VRLE 1)1 /TRAS
30 VFE (1) =-[MEGReVFE (T
C———-—— PRODUCT %, U

VEE(1) =V ()M DY)

II=1

D0 S0 J=2, D%

Ji=J-1

D0 40 I=1,J!

I[=1i+¢

VFECTI=VFc (i) +UME (L D) #vD 2]}
40 VFE(JI=VED () +WME (D) #YDLE

[1=11+1
50 VFE (D) =T #4942 DD D2 i)
{—-—— MATRIX ¥ o+ DOGRS,GYEGR, <4
&0 IFUIKT. EQ. O) B0 70 &0

11=0

D0 70 I=1,IDLE

D0 70 J=1,IDLE

1I=11+1
70 VKECTD)=VKE (11) #CC+VME(1T)
C--———- ASSEMBLT THE RESIZUAL AND ™-E SUIRAL YATRIX
80 CALL ASSEL (IKT, 1%, IDCZ,NEY¥, 4LCCZ, ALD, VaZ, 75, ¥-36, 43D, V451,

1 VRES)
0 ITREL=1THE .

RETURN

END

o
o8]
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Bl v c3 . 3 - i e A - 3 . . . Lo N TR TN
0Cc0 1= Lk
VK312 (1) = WSIZz il
AEXDZT = 4TI

D030 1= 1,50
VKSIZD) = WHEIA3
Do AT

SUBRCUTING INITNE VRS 42K5

mrryT v - .--, . a—~ A=~

THIS BUERTUTINZ ZHISTS
TO¥DIER BLG. T3 :Jﬁ

I0GSID A5 ATIMENTI.  THE LYY D3RS E11 D arDD -l

BEEN BIVEN 7+ FRIESTE SNCTURRGL, ATl oelll 2T NVITIZLILED
IROPERLY BY T4E CO#oIlz3, 7-% s\D7UGR52 3"515_”3 ERCEMELEN
BY DEFAULT SINCE THEIR DIMENSIONG 20 NC7 ZxlEzD o4 2¥723

OF STORAGE,

THIS SUBRCUTINE I8 UQLLLD 3Y BUBSQUTIND NI0Z a-l0s ]
USED BY ELEMENT TYRE

[£h}

[aw I o TN 0 BN oo T G TN o' SN S B IO O Y o BN O]

()
I
[]
1

IMOLICIT REAL*B(A-H.0-1)

Coveeoes INFORMATION 3TLATZD 70 7SE § NOUED RSFZRENDZ SILAFE Zofvay”
€ (INEL.EQ.8 NDIM.E2.2)
C DI¥ENSION VKST(NDI¥#INEL) ,KEXD(NDIW#INZL) (4DZFiXDI¥)
DIMENSION VKSI ( 161 HEXR ( i6)
DIYENSION WKSII{ 16) , KEXFS 5
C
z INTITIALIIZ T=E DUYMY ORRAYS
C

Cx

NODAL COORDINATES CF 7-% S2REENLD SLEM=NT
DATA VKSTI/-1.00,-1.0C, +0.00,-1. D0, +.,D00,-1.00, «1,D0,+0. 2,
N 1,00, +1, DG, +0.00,+1, 00, -1, 00,-0.20, -1 50, +0. 30/
z YONGMIAL EXPONENTS OF T-E POLYNOMISU ZRSIS, MAX-IEGRC
DATR KEXP2/G. G, 4,0, 004, 3,0, Lol 002, 208

[}

LIZE THE RZAC ARAYS

Low B oo B ¥n |

—
P-4
oy
~4
-
s
r

.

~

DO 10 I =116
MEXP(I) = KEXPP(])
WST{I) = WBII{)
10 CONTINGE
RETURN
END

e A w . om o
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C) U 3 3 € 73 ) ¢ € () T3 U U2

VKSI33, HEXD1I, 4EX0ZZ, D EXEIZ -4.%
ATTRIBLTI LTLARGT, AND wlll 2% INITIS
BY Tne COMPILER,  TRE SNLTLSAGZ 47751507
BY DEFALLT 3Ia% TREIR JIMINBIONE [ W3

CF STORAGE.

THI5 SUBROLTINE IS CALLED FY SuBRCLTINE
USED FOR ELoeNT TYSE |

[
e
x
T
]
Shl

i1 ¢33 U1 cy O

(]

[20 I o

i

IMPLICIT AzRL#3{R-~,0-1)

JIMENSION WKSIL1 (3),42X31 (3}, VK512 [15),<2X52 i151,v<3]
{EXP3 B0

DIMENSION VASTIY {30, 2D 13) v4BIZE11a) (X222 i8)  vHEIEE LD,

i KEXP33(60)

(73]

CHARACTZRISTICS FOR 1,2 AND 3 DIYENSIONG. 9EFERTNCD ZLIYINTZ
HERZ 15 THZ DUYMY ARRAY INITIALIZATIIN

DATA VXS5it1/-1.D00,0.00, 1. DO/

DATA XEXPL1L/0, L, 2/

DETA VKSIZ22/-1.00,-1.D0, +0,00,-1,00, +1.D0,-1.0G, +1.D0,+3.20C,

! +1.20,+1.00, +0,00,+:,00. -1,D0,+:. 20, -1.D0,+C, 3¢/

DATA KEXP22/0,0, &,0, 0,1, 2.7 1,4, 0,8 2,%, 4,2/

DATA WKSI33/-1.D0,-1.20,~1.20, +0,00,-1.00, -1, DO,
+1,00,-1. 00, -1, 50, +1,DC,+C. DG, 1. 20,
+4,00, #1.00, -1, DC, +0, 00, +1. D0, =1, 20,
=1,00,+1.00,-1. 00, -1,00,+0.00,-1. 00,
=1.00,-1.00,+0. D0, +5,D0,-1.D0, «2, T,
+1,D0,+1, 00, +0. 00, -1.20,+L, 30, +0, D0,
-1.00,-1.00,+#L, L0, +0,D0, -1, D0, 1, Dn,
+1.00,-1.00,+1.0G, +1,00,+0,050,+1,0¢,
+1, D0, #1,00,+1.00, +0.D0, +1.L0, +1, J¢,
-1.00, +$. D0, +1. D0, ~1.D0,+0.00,+1,00/

DATA KEX©33/0,0,0, 1,0,0, 0,1,0, 0,0, 1,1,

UL L0, 00,1, 40,1, 2,0,0, 0,2,0, 0,0,2,

202.14,0, 3,00 2, 4,1, 1,2,0, 0,2,1, 43,5,

3 1,0,20 001,2, 4

—

W W~ O L T

INITIALIIE TS A28 0336v§

DD toi=1,3
VMSTE(T) = WKSIi1(D)
KEXRL() = 4EXPLLLD)
CONTINUE

248
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$LARGE: WSIL
$LARGE: KEAPL

$LARGE: WKSIZ
$LARGT; 4AZXP2
$LARBE: VKSI3
$LARGE: AZA73
$LARGE: WHE
$LARGE: 4=x°
$LARGE: [NLC
$LARGE: 5
$LARGE; -
$LARGE: TEL
$LARGE s wi™
$LARGE: 817
$LARCE: £
$LARGE; WML
$LARGE: N INTh
$LARGE: 25
$LARGE: =~
$LARBE: [::-I

.

©y )

I REFER TO TAZ “I._ln1%3 2UZ3I07IAI5, A-132 \AMES BEGIN
WITH "INIT, " RS DuMwv 22170723, ITIA03T THEY RRE

NEEDED 73 INITIALIZE THE ARSA:T »-ll- 25T CS33ID AT

CALLING PRRAMETERS, Thc ARAAYS Zinl7 B2 W ITIRLIIEID W17
DATA STATEMENTS IN A DIRZCT FASSION BEDALSZ 7-2°1 .0 7

BUG [N THE MICROSCFT FURTRAN COMPILER V3.2, w11~ 712300
INITIALIZE REAL ARRAYS CORRECTLY [F TRZVY HAVE GZEN IDENT-
iFIED AS SLARGE RRAAYS. [7 DOES MOT SZor T MATTER wET-IS
THEY ARE CECLARED LARGZ JSING =S "SENERIL” $LARGZ #»I7-0u7
SPECIFIC ARGUYENTS, TR WhETHES THEY RAVE BEIN [EZLRAED
SRECIFICALLY A5 [N Taz ve 0MMAADS IRZCEIDING THIS AIUT N

»

Lo G A o N I o B o I oo N 20 N oo TN oo Y o W o8 )

15 ThE BelOw RDUTINES ART DUMMY ACUTINZ3; THIS ONE -85 507

¢ T0 BE CAL.ED AN IDI0T AOUTINE.  TRIS WeTIME EXISTS EECALSE
> Tag DATLOSTATEMENTS TTR AL ARSAYS wio NJT [OMIZ 0T/
» IFOTHEY ARE N THE FIRST GLBROULTINE 1N R COMPILAND.  THIB
z SUBROL™ INe 25 TUed 4 #D TG SG0L Y-t COMAILER,  wWITROLT
z TRIS ROUTINE, T-E ONE IMMEDTATELY FOLLGWING wiio NCT COvAICE;
< wile TRIT SLUTINE T OIS,

MO CIT RES #BiG--, D=0

DIMENSION BB,

BGil) = .00

RETUIN

END
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[ S AP A

CE=VELTin D)

VECT(IS0, D=0 edal2
70 VECTIIIL Listiedsls
180 1J=IJ+)

- H =
o————- -_}SDG < z. E\"';_.'Z:

vy _,

D3 190 i=i,%
lislie

IFAVACID) 6T, 2230 NG w1097 1280 20 70 LT

WRITE (MR, cO0)) 1

S0P
130 VALP(D) =VK{ID) /VID)

IFOMGT. L) WRITE(MP, 20000 IC, (VRL3(IT, (=1,
2010 FORMAT(/' EIBENVALUES, Sw2I2 ', ls/(1x,
{------- CKECK FGR CONVERGENCE (F EIZT™WAL.ES

00 200 I=1 N

F(RBS{VALA D) -VAL2GIT) ), BT, (25530 DY)
200 CONTINGE

C-——-- [HECK F0R COMERGENCE OV DIAGONAL TE3¥5

JJ=t
D0 210 J=g,N
NELARLN
JM1=5-1
I1=0
DO €10 I=1,¥
II=11+]
1J=JJ-J+:
FREVECIT 0T 7V D #9410
FUSMATOY R T D AT D R DY)
IF (FX. 67,2082, 05, =Y. 67, 2752) G0 70 230
2.0 CONTINUE
Lo NORMAL 1ZE ZIGENVECTIAS
3320
DG 220 J=1.N
RRCMIL N
Ci=8QRT W]}
220 =N
220 VECTII, Ci=vaC™ (i, i /Tl
C—=-— ACHIZVE] CONVERGENCE
[FM.67.0) wRITZ{%2, 20200 IC,IT

20¢0  FORMAT (iSX, ' CONVERGENCE I+ ', 14," SWEEPS AND *, I5.°

1S IN JACGBI")
RETURN
{-—-———TRANSFER VAL INTT VALIG
230 [J 240 I=I,N
2480 YALA0{T1)=VaL2 ()
250  CONTINGE

c-— FRIL 7O TONWVETIEZ
WRITE (¥P, 2030} ACYM
2030 FORMART(Y ## SR°Ch, CONYISSINCE FA1LuRT [N JACCET

5TCP
END
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70 IK=IK+!
80 IFCLLES Iy 20 70 Ll
=1+
Ja=1J+1
M= .
00 3 K=0g,i3
CizVK(IK)
C2=VKiJ4
VK (IK)=(1+5#(2
VK {JK) =02+l
Cl=\mlx;
Ce=yM(JK)
UM(IK)=0i+30l2
WM {JR) =C2+Aq#(
[M=]%+!
90 [K=1K+i¥
100 IF(JLEQNY 33 TC (D
I4=1J+J
Jh=JJ+J
iM=J
DO 110 JJK=JPL,N
C1=VK (IK)
L2=VK {JX)
VK(IK)=C1+B#(2
VK (JK)=CZ+0#C
C1=vM(IK)
C2=VM(JK)
YM{IK) =C1+c#(2
V(JK) =Ca+ae ]
IM=IM+{
IK=1K+iM
110 JK=JK+im
120 CL=VK{li;
Ca=VK (12}
L3=VKL{JD)
E2=5#B
BE=DEUX*B
AZ=AeA
AA=DZUL#A
VK (111 =Ct+BReC2+ECa(3 i
VK(1D)={Z30
VK(JJ1=C3enelzeReal]
Cl=vM(iD)
Ce=vm(1.)
C3=yMiih
VM(T1)=C1+BB#CI+EIsTE
W(1J)=1ER0
W (JJ) =C3+Rpele+A2eT
C~———-- UPDRTE EI6z:VEZTIRG
00 170 1Ji=t,N
Cl=VECT(IdL, O .

[ SR

3
]
]
]

R v W
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) 50 180 I=1, I
10=11+!
o I=le

"(v L=l
R

1J=li+1
JJ=11
DO 180 J=1-1,N
JRisl+!
=g~
i JO=J1J+1
’ JJ=Ji+d
J3=JJ-1
C-——— COYPUTZ COUPLING FACTIR3
FR=AVK{T VKT 1 VKT iR S0
. FM= (VLI #YR I T /O T T ey D00
G IFIFK.LT.EPSDLAND. FYLLTLERST 55 T OLBG
C-——— COMPUTE THE TRANSZCIIWLTION [TIZ57121IWT5
ITR=ITR+!
CIEVKTT) WML UM (1T ey LY
C2=VK{JJ) #WM (1) -V (J 0 #VK( 5D
e RS OT UL IR EULISOSE IV (AR
DET=(C3*C3/QUATR) +(Ci¥LE)
[F(DET.BE. 1E30) GC 73 22
WRITE (MR, 2003) I,J
cG03  FORMAT(' ##ERRCR, SINGULAR JRCIEI TAANSFCAYATICN 1=', 1%,
Y=, 19
ST0P
“ 50 DET=SQRT(DET)
: D1=C3/0SUX+DET
De=C3/DEUX-DET
D=D:
IT(ABS (DY) .67, A35{DL)) D=D2
[F(D.gG. IERD) G2 7C 60
A=C2/D
:.] B=-Ci/D
G0 70 63
80  R=IERD
B=-VH {1V /VK(JID
L—-——-- ¥ODIFY COLUMNG GF < AxD v
65 IF(1.2Q.1) 3C "G 8G
- K=10
Ji=1J-{
D0 70 JK=J0,J!
Ci=V{IK)
C2=VK (JK)
VK{IK) =C1+B#C2
W JK) =C2+ReC 1
Cl=M(14;
Ce=mv;
W) = +E+T2
YMISK) =l2gehel !




;L
L@
¢
"
¢
[ SUBROUTING SACGET (VY4 WX, N NIYY, T35, 40079, 500
{ c
tr " MR
p & C JACCET METHCD
{ c INT
C VK PRTRIX X (UPPZR TRIANGLI BY CISCINDING
Z CO_UMNS)
C M ¥ATRIX ¥ (UP3Z3 TRIANBLT BY [EBCINDING
E C COLLMNS)
e I N 0RDER G #GTIICES K AND M
! C NCYM MAXIYLY NUMBER OF SWEERS AL OWED (15)
& C Eps CONVERSINCE TOLISANCE {1, 5-12
[ - z WORKSORCE
4 c VALPG  WORKING VECTOR (DIMENZICN
I~ g ouTRUT
,G z VAL E15ENVALUZS
z VECT EIGENVECTDAS

C-..__-.__.

IMPLICIT REAL*B(A-H,3-1)
COMMON/ES /%, ¥R, M3, ¥DUMY (10}
DIMENSION VK (%), VX 14}, VRLPO (N1, VALP(X) , VECT{N, ¥
DATA EPSDO/1.D-4/, 1230/8. 20/, N/ 1. 35/ STUX/2.00/, 2ATR/4. 30/
SGRT (X) =DSART (1)
ABS (X)=DABS (X)
EPS2=EPSHEPS
1TR=0
. C-——— VERIFY IF DIAGONAL TEAMS ARZ 70517IVE
c AND INITIALIZE EIGENVALUES
11=0
00 20 I=1,N
11=11+1
IF (VX (1), 6T, 2880 ANDL V™41, 37, 23303 60 73 10
WRITE (P, 2000) I
2000 FORMAT(! #+ ERRCI, NEBATIVE DIAGONA. TZRY I\ JA0ORI, 0w ',
119
5709
19 VALP(I=VH(ID) /vm(I]
20 VALPO(D)=VALP(L)
S-——-— INITIALIIE SIGENVECTORS
DG 40 I=1,N
G 30 J=1,N
30 VECT(I,J)=IERC
W) VECTUIL, =N
J--—-—— FOR SACF SWEEP
DO 250 IC=!,\CYY
C—--—- DYNAMIC TOLESANCE
£25D=E 75D 1C
—  SWEEP RCahISE VER UBIE3 TAIANGLE
I¥AX=N-1
1120
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SUBRDUTINE ASME (4D, VOIMD, (0T, vils2, 2% 23,0552, -2, /7L,
i VKBS, VK3D, V<61, VFQ, vILE, VIS5

C T0 ASSEMBLE THZ GUTBAL MASZ METRIY T
(===zzz==z=ss=sss=c-cssssoossossssscsssooTsoTooTIISISISISTIIISSIITIoosssTc
4ALICIT REALB(A-A, 3-D) |
COMMON/EL M/ ELT, NNEL NT3T, NG5S, #2, NIDENT, "N ;
COMMON/RSSE/NSYM, M7 (3}
COMMON/RESC/NZR, NFI_ 1.2
COMMON/RBDT/ 1EL, 1738, 1702, 1588, (D2, 102, [79nE, 1538, NG, 1055, 055
i ICODNULL (D)
COMMON/ES/¥, ¥R, M2, M1 M2 #DUkMY (§)
DIMENSION ALD (%) (VDI¥B (%) KOS (4, VIR (45 VIRND o8 V302D 1,
L OANE(®) V‘(:(*J.Vr:(*),V(GaHl.v‘uD(H,v\o:?"’),"':51*%.\/'5‘.5(*".
2 VRES(#),KER(:)

C-—---- REWIND ELEXENT FILE %O
REAIND M2
C--——- LG0P QVER THE ELEYENTS
DO 30 IE=1,NELT
{-——— GXIP COMPUTATIONS 5 IDENTICAL Z_I¥ENTS
IF{NIDENT.EQ. {.AND, IE.5T.3) 30 70 &0
C-——— 3EAD AN SLEMENT
CALL RDELZv(M2,X.OCT, VCTORE, V3RNS, VARET, AND:
C——-—— EVALUATE INTERPGLATION FLNCTIONS IF REGLIRED
IF(ITPE.£Q. ITPEY) 33 T8 10
1C00=2
CTRLL ELEMLBIVCDRE, VPANE, Y3355, VDLE, WKZ, V=3
10 ICOD=S
CALL E_EMLB(VCORE, VOANE, VORZE, VDLE, V<&, v=1)
PRINT ELEMENT MATRIX
{F(4,07.2) B0 70 &0
'[.] IF (NSYM, EG.0) TKE={DLE#(IDLE+.)/2
FINSY. EQ. 1) IME=1DLZeIDLS
WRITE (P, 2000) 1EL, (VKE (]}, I=1, IXE)
t 2000 FORWAT(/! MATIIX (ME) , ZLEYENT:',1S5/010X,10512.9))
$ C---—--- RSSE¥RLE
20 CRLL ASSZL(1,0, IDLE,NSYY, A _GLE, 41D, V42, V=3, 4435, vi3D, w431, v=3
3 ITPEI=ITPE
RETURN
END
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20

230

Il
%

2030

235
240
250

2040
260

[0 220 J5=1:,\G3
IF(C, LT VRS Sy B8 70 =0
C=VLAMB (JS)

[i=Jg

CONTINE

VLARECI D =VLAMBITS;
VLAME(151=C

D3 230 (D=1 NED

C=VEC(ID, :S:

VEC(ID, 1©)=vEC(iD, 11}

veC(ID, ITi=C

——————  PRINT RES_LT

WRITZ{MD, 2030 735
SORMAT/Y L L
CONTINGE

DO 240 I5={,\VALP
ARITE(3,20.0) IS, VLRMB(IS)

s UDWEIRIINIT IV, 18,

CALL FRSOL (XDLNC, VETORS, VDIMA, ANEG VED (L, ]

60 70 280
CONTINUE
WRITE (MP, 2040)

SORMAT(' ## NS5 I5 LA45ZR 74On A58 J.0.°,

AETURN
END

'Y

" TmTIATTTLAY 4
VL6 TTIRTIDG
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’L..
)
N 120 CONTIMGE
. IF (NSS.G7.') G 0 i3
- VLAML (17 =V485(1) /VaS 1. )
5 B0 7D 165
._": C-——— CALCULATE SIBEMVALLIS I\ 7-8 SLEZZAlD
- 185 CALL JACOBI (VKSS, VM58, S, NS, "I JAC, V1, VLAML, Vi)
. C-——— NEw LOAD VECTSR
o 00 160 1D=1,NEQ
a 20 130 J5=!,NSS
130 V1{JS)=VEC (1D, JS)
h D0 150 J5=1,\58
- C=2ERD
- 0 140 13={,N8S
b 140 C=CHVI(IS)#WX(15,J8)
- 150  VEC(ID,JS)=C
- 160  CONTINUE
¥‘!I 165  CONTINGE
[ C-——— PRINT THE ITERATION VPSS
: IFOLLT.1) 80 T0 180
WRITE(MP,2000) ITER
2000 FORMAT(//® . . .. .. ITERATION *, 15/)
3 D0 170 15=1,N53
L @ WRITE(MP, 2010} 1S,ViAM:(I3)
- 2010 FORMAT(/' EIBENVALLE NG, *,I3," =',31&,3/.¢ IIZEW/IDTOR:)
. 170 CALL PRSOL (KDLNC, VCORG, VDI¥P, KNEG, VEZ (1, 75
C-—-—— CHECK FOR CONVERBENCE
| 180 IF(ITERM.BT.0) 6C 70 210
C=1ER0 .
Elil 1EX=0
a DO 190 15=1,NSS
= CL=RES ((VLAML (18) -VLAMB (1S} } /V_AB{IS))
o IF(C1.6T.0) C=C1
a8 IF(CL, LELEPSLE) IZX=1EX+1
190  CONTIMNGE
WRITE (M0, 2015) 17E3,C, i=X
4 2015 FORMAT(' ITERATION ',14,' AX. ZRROR=',39.1,' SXGCT ZI5EWALLSS:
p 1,14)
{ IF (1EX. BE. NVALP) 1TERM=1
! C-~———— NON CONVERGENCE
[ IF(ITER, LT.NITER. OR. ITERM.ED. 1) GG 70 135
. ® WRITE (WP, 2020) NITER
- 2020 FORMAT(' #* NON CONVERGENCE AFTER ',15,' ITERATIONS'
4 ITERM=1
C-——- SAVE THE EIBENVALUES
, 195 DO 200 15={,NSS
. 200 VLAMB(IS)=VLAML(]5)
| @ c
! C-——— RESULT
b C
. C-—--- RARRANGE ZIGENVALUIS 1N ASCIMDING JRDET
¢ 210 1S12NS5-1
b
)
3
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DO 20 1D=i, NG
IF(V1(ID).57.0) 63 70 &¢
C=VL(ID)
11=ID
20 CONTIMUE
Vi) =CMRX
VEC(11,J5) 56N
30 VLAMB(JS) =N
VLAMB( ) =\
IF(NVALI,E3. 1) NS5=1
C-——-—— INVERSZ ITEFFTIZN 1T WALE=!

c- ~ START ITZRATIING LOCP
C
ITZR¥=0
ITYRX=NITER+L
o ;c e =1,I*MCX
- CC¥PUTE RITZ VECTCRS
1:0=0
D0 80 JS=1,\§8
110=110+J5
DO 40 D=1, NEQ

"‘90 VI(XD)_V-L‘A-I‘JS)
CALL SCL(VXGS, /4BD, V431, V1, KLD, NE, ¥3, 3, 2, 7, T0393
C—-—- CALCULATE TFE Z30JECTION OF K

=030

DO 60 [S=JS,A85

C=1:30

D0 SO ID=1,NC .
B C=C+VIID #EC(DD, 15D

VKSS(II)=C
60 1=11418

D0 70 1D=i,NEG
70 VEC(ID,S8)=vi(ID)

80 CONTINGE
C-——— CALCLLATE 7= J3[JCTION OF v
110=0
0 120 J5=1,%88
110=110+J5

D0 85 ID=1,NEd
85 V1(ID)=IERD
CALL YULAL!VYGS, v¥BD, Y¥YB5, KD, V-
11=110
D0 100 I3=J5,N55
C=1ERO
D0 90 iD=1,NED
50 C=C+Vi(ID)#VEC(ID, 1S)
IF(ITEAM.GT. 00 B0 70 120
WMSS(11)=C
100 [1=11+I5
00 ::C ID=1,NEG
{10 VEC(ID,J8}=vi (D}

VEL L, 030 NEG, T, V)
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SUBYOLTING TXVALE (4.3,D1%2, 1 I0F
VXG5, VKGD, ¥73, v20%5, 4DLAC. N3G, v

& VI, V_AMB, VUAM! w55, YES, v vEL,
L===z==zzs===szzszsczzzzssT=soszsoscoroIsosssITTrTooSossssToSSssroossasoos:
C 70 EXECUTE BLGCA 'wald
C TQ COMPUTE ZIGENVALUES £ND SIBENVITTCSS Bv S.EECLIT
c ITERATICN
C (15 NVAL2.Z3, 0 INVERED ITIRGTION vITACDY
C ====z=zzz=z=zz=z=s=ssstazzzooss: =zz=z== zzz===zsssz

¥ (01T RERL#B{A--, -1}

COMMON/ASSZ, NSYX RXG. -'(:.\ i

COMMIN/VALDINITZR WMDING, 22 TTONES L NEaN TTLAC, VTS
:DM#ON/ES/M g, *3,'5L’"Y\

DI#ENSION XLDi®) WDIvSter 4 LC-\‘ Vsl :1*1,.3=\='§:‘v3=5=f*‘

{ KNE(&),VF: ii.VKE(GI.Qﬂ.-‘*/‘JKLD,*', Tie WIGRE AN e,

2 KNZE(#),VRES (%) VD_Z(#) WO Z(8 Y23 (#), v" J-.&,.»Z,:~I§.tw

3 VLAMB(E), VLARL (#),UKS5500), V*S: L2IEORL RS L

DATA 7230/0.D07 N/ L. CDO/ GREND /L, D32/
ABS (X)=DAES (X)
C-—=—-— PRELIMINARY COMPUTATICNS
C-——=—ASSEMBLE K6 AND ¥G

CALL ASKG(XLD, VDIMP, LOCZ, VCORE, VAANS, VAREZ, ANE, WXE, VT2, VMIE, V432,

i VKBI,VFG,VDLE,V]ES)

CALL ASMG(XLD,VDT¥R, {_0CT, VCORE, VOINE, VORZE, {NE, YHE, =8, 35,

1 VMBD, VMGS, VFG, VDLE, VIES)
C-——-— TRIANGLLARIZE 43

CALL SOL (VKBS, VKBD, V4BI, V75, A_D, NZ56, 2, {, 0, 0, INESS)
C——-— LOAD VECTOR T3LAL 70 DIAGONAL ir b

CrAX=15R0

ICONT=0

DC 10 ID=!,NZQ

C=6RAND
C-——— CHEZK =CR IERD DIAGONAL “ZR* IN v¥&D

IF (VMBC(ID). S5, IERC) 63 TC S

ICONT=1C0N™+:

C=VKGD(ID) /V¥GD{1D)
5 VI(ID)=C

IF(C.GT.CMAX) Tmax=C

VEC(ID, 1)=™GD (D)

DO 10 J5=2,NSS
10 V'C(ID,JS)-ZE?L
{~—-—— [HECK (7 SUESRACT 0!

[F(ICONT, LT, NGS) 60 70 255
C-—-—— UNIT LOAD VECTOARS CORESIGNI NG 7O v\, oF
C KL, T /ML, D

D0 30 J5=2,NSS

C=CmAX

¥IN8I0N I3 ZRUAL 7O ¥43% LLO. -
p
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30

10 CONTINGE
WRITE(MP,2000) ¥,%JC T, ITIINYIIE3,IT50E, 54
200G FORMAT(// SUBSFACE I°Z RE RN
§ 15X,"NUMBER OF DESIRZD vioiE
2 15X, YMPX. NUMBER OF {TERETICn3 CIvI77i
3 15X, INDEX FOR DIRGONAL MATA:X
4 15X, " CONVERGENCE TOLERANCE ON EiBEnvEL IS
S 15K, SHIFT
& 15X,'SUBSPACE DIMENSICN :
7 15X,'MAX. NUMBER OF ITERATION IN JACOBI (NGWr) =", 105
8 15X, 'CONVERGENCE TOLERANCZ IN JACORI (TOLIACY = 5202
17 (NVALP, LE. NED. AND. NSS. LE, NEG) 60 TO 20
WRITE (MP, 2010) :
2010 FORMAT(//' —-E330R-—- WAL DR NGS BAZETER THANW AZD',/,
1 1-—GTOP EXECLTION---")
60 T0 30

IF(LKGS. EB. 1) CALL =BPACE {NKE, 1, TBL(L),L468)
IF{LXGD.EQ. 1) CALL ESPACE(NEG, 1, "B (2),iKED)

CALL ESPACE (NKB, 1, TEL(3), . YG3)

CALL ESPACE (NEG, 1, TEL (4),LNG3)

iFILFB.E0. 1) CAL Z59ACE(NED, 1, TRL(S),LF3)

IF(LKE.EG. 1) CALL ESPACE(NWE, 1, TELIE),LKE)

IF (LFELEQ. 1) CALL ESPACZINDLI, !, TELiT),73)

IF(LDLE.EQ. 1} CALL ESFACE (NDLE, 1, TEL(8),L0L3)

IF (LRES. £Q. 1) CALL ESPACE(NEZ, !, "F_(9), %S

IF(LDLG.EQ. 1) CALL ESPARCEINES, 1, TBLL10),LILH)

CALL ESPACE (NEG#NSS, {, TBL(11),LYEC)

CALL ESPACE (NSS, i, TBL (12}, LLAE)

CALL ESPACE (NSS, i, TBL(13),__AM1)

CALL ESPACE (NSS#(NSS+1)/2, !, "BL(16),LKSS)

CALL ESPACE (NSS#{NS5+!)/Z,:, TEL(17}, _¥S5)

CALL ESPACE (NEG, 1, TEL{18), Ly}

CALL ESPACE (NS5#N33, !, TB. 1), k!

CALL EXVALP(VA(LLD),VA( 21D, va(__OCE), VAILIDWE), VAILDNE]

1 VA(LPREE), VA(LNE), VALLFZ) VR (_4E), vA1_4GS), Ve 4BD) VO {_73)
2 VA(LCORG),VRILDLNC), VA(LNEG) , VA(LIES) , YAILILT1, vAIILG),

3 VALLES), VAILMBD) , VA(LVEL) , YATLLANE)  VA(L_3%1) ¢F, {351, vB(_"E35:
4 L VAILVL),VA(LX),NED,NSS)

RETURN

END
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SUBROUTING BLVALP

70 CALL BLOCK 'wALM
TO COMPUTZ EIGENVALLES OND ZiGTWWECTORS BY THE SuESPACE
ITERATION TECHNIQLE

(o I o BN oo B e BN o }

Cess
C+es
C
C

IMPLICIT REAL*8(A-H,0-1)
CHARACTER*4 TBL
COMMON/ELEM/NULL (4) , ME, ¥NLLL (2)
COMMON/RSSE/NSY, NG, NAE, NOLE
COMMON/RESG/NET, NFILLR (2)
COMMON/VALR /NI TE3, N¥DIAG, ZPSLEB, 51T, NS5, NGWM, T0.JAC, \vAL>
COMMON/ES /M, MR, MP, 1, %2, MTUMNY (8)
COMMON/LOC/LEGRG, LDLNG, LNED, L30*3, L33, L9326, L0, LLCE, L0, 0E,
1 LPRNE,LPREE, LDLE, LKE, LFE, X33, KD, L“31, LT3, LRES, LOLG, LDUMMY (4
COMMON/TRVL/X1, X2, X3, 11,12, 13, 14, 13, TUMV{S:5;
COMMON VA(1)
DIMENSION 7BL(20)
DATA ZERO/C. DO/

THIS 1S COMYENTED OUT BECAUSE OF AN ¥S RT3 [IvII1%

BUG WHICH WILL AOT INITIALIZE $LPRBE ARRAYS, ~-13 AR=lv

1S NOW INITIALIZED BY A CACL TO A DUMMY SUBRIUTINE

INITBL WHICH EXISTS SOLELY T3 INITIALIZE THIS ARRRY

DATA TBL/PKGS ',"KBD *,"MB5 ', "46D ','F5 ' 14 ', TFE 1, tOLI Y,
1 'RES!"DLG "’p !‘YLMB!,!LRM1!,'.Q "?:_IP_: ?,!K881’!:4555!
LWL TV v Y

HERE IS THE CALL TO GET ARGUND THE COMPILZR BUG
CALL INITBL(TBL,'VALP")

ALL OF THIS IS 7O GET FROUND THE MICRUSGFT
COMPILER EUG

1000

IF (M1.E0.0) M{=NR
IF (M2, £0.0) Mg=1E

RERD (M1, 1000) 11,12,X1,%2,13,14,15,%3
FORMAT (215, 2F 10. 0, 315, 1F10.0)
IF(11.NE.O) NVALP=I1

IF (12. M. 0) NITER=IZ

NSS=13

IF (14, ME. 0) NMDIAG=14

IF (15.NE.0) NGWM=15

IF (X1, ME. ZER0) EPSLE=XI

IF (X2, NE. IER0) SFIFT=XE

IF (X3, NE. ZERG) TOLJAC=A3

IF (NSS.NE. 0} G 70 10

NSS=MINO (NVALP+8, Z#WaLls)
NSG=MINO (NSS, NEG)

236
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SUERCUTINE TWITNIEVREI, <23

OO0 OOM OO oo

[y}

TnIS SUBROUTINE Zx1375 S0.Ily 75 GET ARGUAD A MITISSF™
COMPILER BUB. 7S PLRRISE 15 73 INITIALIIE T-E ARAFYS
PHSSED AS ARGLMENTS. T=E JUMAY ARAYS vxEIT AND AZATI Ay
BEEN GIVEN TRE RTTRIEJTE $MOTLAGE, AA\D will BE INITIALIZED
PROPEARLY BY TSE COMPILZR. 7HE $ACT_GRG ATTRIELTZ 13 4331%
BY DEFAULT SINCE THEIR DIMENSIONS OC NCT EXCEET 5=+ 3¢7Z3
0F STORAGE.

THIS SUBROUTINE 15 CALLTD BY SUBRJLTING AI03 wnIl4 15
USED BY cLEMENT 7Y0E 3

(‘Jﬁl_:‘;(')

[} o O0Oo 0

[ BN ar B aw

10

[
i

IMPLICIT REAL#8{A-N,02-1)

.. INFORMATIONS CARACTERISTIAUES DU TRIANGLZ R 5 NOELDS
(INEL.EQ.6 NDIM.EQ.D)
DIMENSION VKST (NDIM#INEL), AEXFINDIM#INEL)

DIMENSION VKSI (¢ 12) XEXP ¢ 2}
DIMENSION V<SII¢ 12), KEX29¢ L2

THIS 15 THE DUMMY ARRRY INITIALIZATION

COORDONNZES DES NOEUDS D= L'Z_ZMENT DE RzZFEReNC:

DATA VKS11/0.D0. 0. DO, 0. SB0, 0. B0, 1,30, 0. 29, 0. SDO, &, 5D0, 0. 3, 1. D¢,

¢, D0, 0, 5D/
EXPOSANTS DES MONCMES DE LA BASC DOUYNOMIALE, DE3R- i,
DATA KEXPP/0,0, 1,0, O,%, 2,0y 1,1, 0,2/
INITIALIZE THE REA. ARRAYS

DO 101 =112

VKSI{l) = VKSIT(D)
KEXP(I) = LEXPO(I)
CONTIMLE
RETURN
END
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SUBRCUTIND TR ITERIWET, A87T7, 2787 INTA LM IV
o THMIS SUBROUTINE £41872 SOuLS.v 73 BET ARILND A #ILRC0507™
C COMPILER BUS, 173 PURSISE IS 72 INITIALIIZ 7-Z RRARYS
C PASSED AS ARGUMENTS.  THE DUMMY Z33%r5 W077,23077,
C ETATT, INTNUU, AND NINTWV RRVE BEEN SIVEN 7-2
C ATTRIBJTE $NDTLARGE, AND Wil BZ INITIALIIED 2:17Z30%
C BY THE COMPILER. ThE $NOTLRAGE FTRIECTE IS ARZINID
c BY DEFGULT SINCE THEI9 DIMENSICNG DO ACT IxIZZD &4« 2¢7%3
C OF STORAGE.
C
C THIS SUBROUTINE IS CALLED BY SUBRIUTINEG 37706 wrll- 13
C USED FOR ELEMENT 7YPE &
C
IMPLICIT RERL*B(R-A,3-1)
DIMENSION WB™ (%), 5317 (%), ZTAT (#), INTALY (0 ADNTY (%
DIMENSION WGTT(7), PSITT(7), ETRTT{T) INTNCSSHNIATWA(SY
L
c HERE IS THE DUMMY ARRARY INITIALIZATION
U
DATA PSITT/ O, 33333333333300,
* 0. 166666666667D0, 0, 1666R6666667DY, 1, 56E6EE566E67D0,
0,300 +0. 500 s (L 0DG/
DATA ETATT/ 0.333333333333D0,
* 0. 1656666666670, 0, 65R666656667D1, 0, 1566666666750,
* 0.0D0 , 0. 500 + 0. 300/
DATA WGTT/ 1.0D0,
+ 0. 333333333333D0, 0. 333333333333D0, 0. 33332323333300,
¥ 0. 333333333333D0, 0. 333333333333D0, 0. 333333333333D¢/
DATA INTNUU / 0,1,4,7,11/
DATA NINTW / 1,3,3,4, 7/
C
£ INITIALIZZ T-E REAL ARRAYS
c
1T =1,3
INTNUMCT) = INTNUU (D)
NINTV(I) = NINTW (D)
10 CONTINLE
02 rI=1,7
WoT(I) = WaTT(D)
PSIT(I) = PSITTHD)
ETAT(I) = ETA™T(D)
20 CONTINGE
RETURN
END
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SUBROUTING INITRRI95,27;

THIS SUBRCUTINE 2XIS73 S
CCMPILER BUG. 178 AU
PASSED AS ARGUMENTS.
BIEN GIVEN THE ATTRIBUTE $NCTLAASE, AMD #1 0 EZ NI7
PROPE]LY BY THE CC¥PILER,  TRE $N07TARGE -TTRIELTI S
BY DEFAULT SIMCE THEIR DI“ENSIONS DO NCT ZXIZID 84+ ov7i:
0F STORAGE.

THIS SUBROLTINE IS CALLEZD 8Y SUEROLTING 373 a=IC- 13
USED FOR ELEMENT TY8E 6 .

IO OO 0y Oy Y (2 €O

IMPLICIT REAL#B (A-H,0-1)
DIMENSION 7S (#),27 (%)
DIMENSION PSS(6),ETT (6} 3

HERE IS THc ILMMY ARRAY INITIALIZATICN

O o

DATA PS5 /0.,1.,0.,0.5,0.5,0./ j
DATA ETT /0.,0., 14 y0,0.5,0.5/ ol

INITIALIZE THE REAL QRRAYS

o a

DO 101
PSLI)
eI
10 CONTINUE
ETURN
END

1,6 1
PSS ¢l) '.
BT q

]

|
o .
e
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SUBRGUTINE INITNT VAR, 42(3)

T-I8 SUBRTUTING X373 S0LZ.v 72 6T S3IUND R AICRIECFT
COMDILER BUG, 175 2URP3Sz 13 TT INITIALIIZ THE ARRRYS

PASSZD AS ABUMENTS,  T-Z ToMMY ARRIVS vHSII D «2X39 SRy
BEEN SIVEN THE ATTRIBUTE SNJTLARGE, AND wiil BZ INITIRLIZZD
SROPERLY BY THE COMOILZR, 74 SNCTUARGE S77TBSTT 1f 2E305wcC
BY DEFAULT SINZE THEIR DIMENSIONS DT NJ7 ZXIZZD 544 Bv7z3

OF STORAGE.

TRIS SUBRCUTIAC IS CALLID BY SUEROLTINE NIQ7 willr 12
USED BY ELEMENT TYEE 7

LI OO OO OO O O)

TMBLICIT REAL#6(R-H,3-11

<

Coveeen. INFORMATIONS LIZZS A LPZ_Z¥ENT DI RETIRINCE IRRSE A 20 NIZLLE
c (INEL.EQ. 20 NDiIn, EQ.2)

> DIYEXSION VXOINDIMINEL), XEXI(NDIM#INZL) 4DIINDIN)

DIMENSION VKSI( 607, KEXR{ B0)
DIMENSION WKSII( 601, KEX32( 6G;

~
C INITIALIZE THE [UMMY ARRAYS
c
DATA ¥<511/
1 -1.00,-4,D0,- :.uu. +0.00, -1, 00, -1, 00, +1,D00,-1,00,-1,D6,
2 +1,00,40.00,-1
3 +1.D0.+1.DO,-1.D0. +0,00,+1,00,-1,00, -1.DD,+1.00,-1. 00,
4 -{,00,+0.D0,-1.D0,
S -1.D0,-1.D0,+0,D0, «1.D0,-1,00,+0.00, +1.D0,+1,20,+0.00,
&6 -1.D0,1i.D0,+0.D0,
7 -1.00,-1.00,+1.00, +0.D0,-1.D0,+1.00, «1.00,-1,00,+1, 26,
8 +1,00,+0.00, +1. DO,
9 +1,D0,+1.D0, +1.00, +0,00,+1.D0,+1.D0, -1,00,+1,D0,+., X
R -1.D0,+0.00.+1./
c EXP0SANTS DES XONCMES DE LA BASE 20LYNDMIALZ,DERRI Y&y,
DATA KEXPP/0,0,0, 1,0,0, 0,1.C0 0,0,1, 2.0,0, 0,2,9, 0.9,2,
{ 136,0, 041,28, £,0,8, 2,5,0, 2,0,1, .30 0,28,
2 1,0, 0,1,2, i, 0,1, & 14, L&, 1, L2/
C
C INITIALIZE THE RZAL ARRAYS

DG 10 I = 1,60
KEXP(I) = KEXPP(I)
WKST1 (21 = WGII(D)
10 CONTIMGE
RETUAN
END
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SUERLUTING INITEROINDIS, 2, 5

o T=I5 SLERGUTINE = o7 7T 3TT WD A XICRIEDAT
Z COXPILER BLS. i75 AJRPCST 13 7C IWITIACIIZ THE PRRSYS
c J8552D A5 ARGLMINTZ. TSI QUMY RERZYG INDIZI, 3, SN
C PO BAVE EEIN GIVEN ThE RTORIDUTT SNITARRE, D Wl.l :EZ
C INITIRLIZED 2RQPesLY BY 7«2 JIv2IlzR 7-1 ¢.0TLA:GE
. L ATTRAIBLTS 15 RESIGNED BY DEFALLT SINIZ TSIIR TIMENE.IAG
§ - 5 DC NOT ZXCZ2D 644 5Y725 [F S7CRE5C, !
[
5 ‘C 1418 SUBROUTINE 15 ZAL_ZD BY SURIOLTINE BALES, !
i z == Tr=sTsSssssozosmroc
- IMPLICIT REACEI(R—,C-1)

DIMENSION INDIC {4),E& L10), R (10)
G DIYENSION INLICC{4),36010),P2{10)

HERE 13 THZ JLMMY AR3RY INITIALIZATION

o0

DATA INDICC/1,2,4,7/
DATA B6/0. 0O, -. 57735026318962600, . 3773302591 4353550,

- TT459666926 148303, 0. 0D0, . 77455668 3241 L3300,

-, 86113631 159405000, -, 339981 04358486000,

. 33998104358486000, . 85113634 15340507/
DATA PP/Z. D0, 1. DO, 1. 0DG,

0. 95555555555555600, 0. 833683633343888300, 0, F5SETSSESSEEZEAL0,

. 3678548451 3745000, . 6521451 5586255000,

a . 6521451 5486255000, , 34785484313745G00/
c

[ZY I (VI ot)

[

G o

o

INITIALIZE THE RSAL ARARYS

pwis=t, 4
: INDIC(I) = INDICC(D) !
g 10 CONTiNUE
.] D001 =1,10
- 6{I) = 66¢I)
p{Iy = 224D}
20 CONTINLE
RETURN
END
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v SUBRGUTINE INITEL{™E_,wed)

¢ ——— T N ead

THIS SUBROLTINE £X1373 2027 72 387 RRGUND R »ITRE30°T
COMIILER BUG, 173 20320582 15 71 INITIALITE THI 23RRY TBL
2RSSED AS R\ RRSUMENT,  T=E DUMYY RREFYT TzlY -S.Z BEEN GIVEM
TSE ATTRIBUTE SNOTLARGI, AND wilo FI INITIALIIED ZI7%
BY THE COMSILIR. ThE $NOTLARGE Q77RIBLTE 15 255[c*:D
DZFAULT SINCE THE DIMINSION [DOES AQ7 2XCZ2D 644 BYT I3
STORAGE, TE. CONTAINS JGINTERS INTLD TrE a9« INS AR7IY

u_

||g|

)

THIS SUBROUTINE 18 CALLED BY SUBRGUTINE o_ilNI, 3ALIY,

'—""-"Hrv—’-,— - f
[y T o SN S D S o T S N s T o Y s TN 0 Y TR b T e}

ELTEMP, SLVALP, BLCGOR, BLCOND, BUPREL, BLE Z¥, BLZOLS .
AND BLLINM,
‘ CrPARACTER €4 TBL, aHQ, CALLER(LG) TELLLI0T, TBL2(I0), T3L3L3T,
* TROG{20) TELEL Z1,TEL5 &),
* TBLTL 2), TELSU A1, TELS B, TBLLU(E:

DIMENSION TEL

mATa CQ;;:?/‘_'VD' TNLIND YTTMEY AL DY YCOCRY, N DONDY, T TRl
* YELEM,7S0C Q’,‘LIN*’/

DATA NTHLE/10/

£ INITIALIZZ T<E DMy 483aY5
C
c THL ASSIGNMENTS FI3 SUBRDLTINE BL_1\D
DATA TBLI/'KGS ',"SGD ','KGI ',"F3 ','KE ', TFE ',TRES ','LE ',
* ’EB "YDB ‘/
c
C TBL ASSISNMENTS FOR SUBROUTINT BLNLIN
DATR TBLZ/'KGS ',"%GD ','%GI '.'FG ' 'XE ','FE 'URES ','0.T Y,
+ 'DLG Y, ME Y/
c
C TEL ASSIGNMENTS TCR SUBRCUTINE B.7Ive
DATA TBL3/'KBS ','KGD ', 'X6 ','6 ','KE ','FE ' 'AES ',
# 'DLE ','DLG T, ME ','DLEO’.'DLGO’,‘:GO 1/
r
c TBL ASSIBMMENTS FOR SUERCUTING SLVALS
DATA TBL4/'KES *,"%GD ',"™GS *,'MGD ','FG ' 'AE ','FE ',
P # TOLE 7,365 ,UDLG 1,03 Y, TLAEYTLAMIT R 0 Tae Y
: + TKSS ' TNSS ', TWE T IVX Y v
c
C TBL ASSIGNMENTS FOR SUBRULTINE B-CJOR
‘ DATA TBLS/'CORG', ' DLNC! /
' c
f P ¢ TBL ASSIGWMENTS FOR SUBROL™IM BLCOND
; DATA TEL6/'NED ', ' DINPY/
; C
L C TBL ASSIGNMENTS FOR SUBROLTINE BLOREL
. DATA TEL7/'PREG','V '/
c
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c T Q8SIoWMZ\TS IR SURRILTINE Lz it
CARTA TBLB/'LD ', ' 3C2Y,COREYINE ', " SANEY, ' ORg2Y/
C
*n c TBL ASSIGNMENTS =03 SUBRTLTINZ E_SILR
1 DATA TELI/'FG ', YKE Y TRT O VLTDLE 'LUMGS TLTHED Y, tRGIY,
- ¥ 18551/
o C
. C TBL ASSIGNYENTS 7R SUBRCLUTIAE BLOI\Y
DATA TBLIO/'HES ', 'HBD ','HBI *,*FfB ','Kz ','FE 1, 'RES Y

£ ODLE '/
c .
C______ DETERWINE THE CALLING R0J™IME
2051 = [,NHS
IF (WHG. £6. CAL_ZR(D)) TROINT = |

S CONTIME
c
C______ BRANCH 7O CORRECT INITIALIZATION LOCP
L 6070110, 20, 30, 40, 50, 60, 70, 80, 30, 100}, 120INT
[ c
; € INITIALIZE THE QEAL ARRAY “OR BLLIND
10 D015 =5,i0
o TBL(I) = TBLL(I)
i 1S CONTINE
‘ RETURN
P C
C____ INITIALIZE THE REAL ARRAY FOR BLALIN
20 D0ES1=1,10
TBLID) = TBLE(D)
25  CONTINUE
RETURN
c
C_____ INITIALIIE TWE REAL ARRRY FOR BLTENP
30 D03SI=1i,13
TBL(I) = TBL3(D)
35 CONTINUE
RETURN
c

C_____ INITIALIZE THE REAL ARRAY Z0R BLVALP
%0 D045 =160

TBL(I) = TBL&(I)
45 CONTINE

RETURN

c
C______ INITIALIIE 7HE REAL ARRAY ZOR BLCOOR
S0 D0SSI=1,¢

TBL(I) = TBLS(D)

S5 CONTINUE
RETURN
c
C.___ INITIALIZZ "HE REAL ARRAY FOR BLCOND
60 DOBESI=1,2
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TEL(D) = THLGID

65  CONTIAGE
RETLAN
<
. INITIALIZZ TRE AEAL ARIGY FOA Z_3AI
0 00751 =iE
TBLiD) = TBLT(D)
7S CONTIMGE
RETURN
c
C_ INITIALIZZ T4 REAL ARSGY 757 B LI
80 DOS5I=16
TEL(D) = TBLB(D)
85 CONTINGE
RETURN
c
c___ INITIALIZE T~E RERL ATRAY FOY BUSELA
3% D0SSI=18
TBLID = TELHD)
95  CONTIME
RETURN
c
C_____ INITIALIZE 7HE 3E&C ARFAY FOR Bo_INM
100 DO 1051=1,8
TRL(D) = TELIO(D)
105 CONTINGE
RETUAN
END
SUBROUTINE INITOB{IPBHED, w-d)
I -
c THIS SUBROUTINE ZXIST5 SOLELY 70 BET ARCLAD A XI1TR0STFT
C COMPILER BUG. TS PURRGSE IS 70 INITIPLIZE THE ARGAY
b PASSED AS AN ARGLMENT. THE DUMMY RI3AY 164X =35 BIIM
c GIVEN THE ATTRIBUTE $NOTLARGE, AND Wl_o B INITIALIZEZ
C PROPERLY BY THE COMPILZR. THE SAGTLARGE ATTAIELTD 13
c ASSIGNED BY DEFRULT SINCE THE DIMENSIGN DOES LT EXIZZ
C B4K BYTES OF STORAGE.
C
C THIS SUBROUTINE 1S CALLED BY SUBROLTINES Z_Zwan, ZI4GZ,
C AND ELENOT.
C =
DIMENSION IPGKED (%), IPGK1(3), IPGKZ(E), IPBKT(3)
CHARACTER*4 w0, CALLER(3)
DATA CALLER/?ELOL, "ELOZ', TELOT'/
DA™A NCLRS/3/
C
c 4ERE 13 THE INITIALIZATION 70 ZoIwg:

DATA [P6K1/3, 3,3/
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DAL L A v A e Ll

DATR 1PGKE/3.3/

SESE 18 THE INITIACIZATION T5i 2.Im7
DATA IPGK7/2,2,8/

_ DETERMINE THE CALLING RDUTINS

00 51 = { NCLRS
{F{WAB. 2Q. CAL_ZR(TY) IBDINT = ]

CONTINGE

BRANCA TO CORRECT INITIALIZATION 209
637010, 20, 70), IPCINT

INITIALIZE IPG<2D ~GR SUBRCUTINE E_tWid
DOiSI=1{3
IPGKED (D) = IP6KL(T)

CONTIMLE
RETURN

INITIALIIZ IPBKED 0R SUBROUTINE S_Ew0e
DR

IPBHED (I
CONTINCE
RETURN

73T -=
IPBKED (1

CONTINGE

RETURN

END

}

I
i
)

'

e
= [PBKE (1)

NITIALIZE IPGKED “7R SUBRDBLTINE ZiEMOT

I
3
= IPBK7(D)
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$LARGE
$NOF_ORTCA_LS
SUBRGUTINE E_ZMLRIVCORT, vaNE W 3RTT, VDD, o2, /7DD
[== =
c TO COMPUTE ELEXINT
C
IMBLICTT REARCHB(A-1,0-1)
COMMCN/RGDT/1EL, 175, N0LILD)
DIMENSION VOGRS v#), VOANE (R, vIREZ(®) (WDLE (#) (YAD %) W73 %)
o0 70 ( 10, 20, 30, 4G, 50, &G, 70, 30, 32,100, 173%
{-——--— ELEMENT OF TYPE 1§
(0 DAL ELEMOLGCORT, VOANE, vIRIT, VLT, <3, v T,
G0 7O 300
J-———e— TLEMENT JF TYPZ £
U CALL ELEMOZ(VCGRE, VPRAE, VPREE, VD_E, vaz, vFE)
G0 70 300

C--—--- ELEMENT OF TYPE 3

30 CALL ELEMOZ JCGRE, VIANE,VIREZ, VDLE, VAE, VFE)
80 70 %0

C-———— ELINENT OF TVEE &

w0 CALL ELEMO4(VCORE, VPRNE, VPAEE, VDLE, W, vF D)

50 70 300

Lo ELZMENT OF TYSE S

%0 CALL ELEMOS(VCORE, VARNE, VA32E, VDzZ, V<&, V=)
80 70 300

C-——-- ELZMINT OF TYPE 6

60  CALL ELEMOG(VCORE, vPRNE, VPRES, VDLE, viE, V7E)
30 10 30

ELEMENT OF TYSE 7

70 CALL ELEMOT(VCDRE, VARNE, Y3358, WD _2, VEE, vFE)
50 TG 900

f-——— ELIMENT OF TYPE 8

80  CALL ELEMOB(VCORE, VORNE, VPREE, VDLE, V4E, ¥7E)
80 70 900

C—-——-~ ELEMENT OF TYZE 9

% CALL ELEMO3(VCORE, VIANE, YIRSE, VDL, VAZ, VIE)
G0 70 %00

C-————— TLEMENT OF TYPE 10

100 CALL ELEMi0{VCORE. VPRNE, VPREE, VDLE, VKE, FE)

60 70 300
Lmmmmmmm OTHER ELEENTS
C ciesenes
900 RETURN

END
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$LARGE
$NIFLCATCALLS

B el i S S A ad

SUBRGTINE LWL (VII3E, vaIND, vIREE VI D, vaE, 72

OO OO OOaC OO OO OEe OO e cy oD

QUADRATIC ZLZMENT FUR ANISCTRSAIC HRTACNIC ~3Go273
IN 1,2 0R 3 DINENS'SNS :

{ DIMENSITN: NOJES ZozvT
2 DIMENSIONS: 8 WULES ;auvawu*f"" TD¥ENT
3 DIMENSIONS: 20 NCDES ISCAR¥AMITRIC Z.2¥iv’

NUMEER 05 INTEGRATIIN PCINTS @ 2 1w 2RO
NUMBER OF DEGREES OF ~RZ=DOM S2R AlDs ¢
ELEMENT MATRIX CR VECTOR FGRMED BY T-1S SUROACIRAY
ACCORDING 70 ICODE VALLE :
ICCDE.EQ.1 RETURN CF PRRAMETZRS
ICODE. 20.¢ vQ;-Q«H INTZAEGLATION FUNCTIONS AxD
UMERIZAL INTEGRATION COEFFILIINTS
ICODE.ER. 3 L:MEN! PATRIX (V<E)
JCODE.EQ. 4 TANGENT MATRIX (VXE)....NOT #3077 E% ...
ICODE.EQ.5 ™MASS MATRIX (VXE)
ICODE.EQ.6 K. PRODUCT (VFE}
[CODE.EQ.7 S_EMENT 08D (VFZ),,..NCT WRITTEN....
ICODE.EQ.8 PRINT GRADIENTS
ELEMENT PROPERTIZ
VPREE({) COEFFICIENT DX
VPREE(2) COzFFICIENT DY
VPREE (3} COEFFICIENT D2
VPREE (4) SPECI-IC AZR™ COPALITY ©

{

C
C

(]

N . T T T I UL L U L L L A U Y I S S A . Y

IMPLICIT REAL#B(A-H,0-1)
COMMON/COOR/NDIM, NNCL. £3), FNULL 13)
COMMCN/RGDT/TEL, TTE, I79E Y, %, 10LE, 105, 12%E, [2%5, INE, 1235,555
. ICODE, TDLEO, INELG, 1930
COMMON/ZS/M, ¥R, 40, YDUMMY 10)
DIXENSION VCORE (#), VPANE (#), VERES (&, VLT #., /KE .41, VEE ()
.. CAARACTERISTIC DIMENSIING [F "€ £_Iwi\"
(VALID 4P "0 3 DIVENSITAS)

DIMENSION VCPG(IPG)  VAFG(ADIM#{G, v vl i

DIMENSION VCPGC 3), v«DGy A S AR

DIMENSION VJ (NDIMENDIM), VI LNDIY&DIv

DIMENSION VJ ( ELIANS 3

DIMENSION WNIX( INECANDIM)  UND (Li#NDIM #IND #0250, 19G-20 N2l
DIMENSION WNIX( BOT, NI T /LI

DATA ZzR0/9.D0/,E95/1. 53-8/
NUPBER OF 6.2, N 481, 27A, L7274 DI730710A
THIS 15 COMMENTED CU7 BECALSC OF "wE w2 TI3730a LTY3-
ILER BUG WHICH WLl NOT INITIALIZE $LARGE wiGpvs,

THIS ARRAY 15 NOW INITIAULIZED BY A CAcl 70 m oowvy
SUBROUTINE INITRG WhIZH EXISTS SOLELY 7C INTIALIE
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Ceee THE NU¥BER GF BAUSE SLINTD FCR 7RI CALLIND RLUTING,
C
C DRTA 196KeD/3. 3,3/
C
C AERT IS5 THE CRLL 7T GET AROWNL T-z IIMOGILIR .3

CALL INITRG{IPGRED, 'z Ui .
; t
Coes ALL OF THIS WAS S0LzLY TO 527 ARGUND 7-45 milA0SC-- ]
Ceet COMPILER BUG !
[P —

IKE=IDLz# (1DLE+]) /2 !
[-——— (50052 FUNCTION 7O BZ EXSCLTED :
c

c
L-——-- RETURN ELZMENT PORAMETZRS [N COMln 73GDT
C

100 50 TO (110,120, 130),NDIM
110 IDLEC=3
INEL0=3
1PG0=3
RETURN ‘
120 IDLEG=B .
INEL0=3
1P60=3
RETURN
130 IDLEO=20
INEL0=20 :
1P60=27 ;
RETURN

- YN

C
C-——— EVALLATE COORDINATES, WEISWTS, FUNCTIONS N AND
C-- THEIR DERIVATIVES £T G.P.
c
200  CALL GAUSS(IPGKED,ND:¥, 13,4723, 123!
CALL NIO1(VKPG, VNI)
RETURN

C )

C-——— COMPUTE ELEMENT STIFFNESS MATRIX

c

{-———— INITIALIZE WKZ

300 DO 310 I=1,IKE

310 VKE(D) =1ERC

Cc- .C0P CVER 7HE INTESRATISN BOINTS
INI=1+INEL
DO 330 IG=1,1P5

{-~—=-—— EVALLATE Tt JACOBIAN MATRIX, 175 [Nv2362 asD 178 DETZR¥DWweNT
CALL JACOB(WNI(IND),VCORE NDIY, INEC, VI, VIL Z270)
IF(DETJ.LT.EPS) WRITE (WP, 2000) iz, 15,0570
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2000 FORMAT(Y #ex ELEM *LVIS 2,5, L 15 LR ZIL D)

f-————— OcRFORM DETJ#wzIG~7
COEF=VCPG(IG) #DETS
C-—-—- ZVALUATEZ ZUNCTIONS DinDy/DO0
CALL DNIDX (WNTCINDY, VI L NDI%, INEL, WNIX)
L-——— ACCUMULATZ TZRMS OF 742 ZiIvaNT ¥a73ly
[K=0

DO 315 1J=1,NDiM
C=C+WNIX{I 1) #UNIX (12 #VPREECID)
I1=I1+[DiE
315 12=12+IDiE
IK=1K+{
320 WKE(IX)=VLE(TK)+C#CoEr
g—--— NEXT G.P,
330 INI=INI4(NDIM+1)#INEL
RETURN

~———— EVALUATE ELEYENT TANGINT MRTRIX

[ e BN oW I oo ]

400 CONTINUE
RETURN
c
C-——— #0355 #AT3]X
C
00 DO 510 i=1, 1K
510 WKE(I)=IERQ
IF (VORZEZ {4}, =, I3 0IRZTURN

INI=0
330 16={,193
C———-- EVALURTE T-E JRCTBIAN MATRIX
I1=INI+INEL+1
CALL JACOB{WNI(I!) CORT, nOi% NI v, VI, D2t
C COMPUTE THE WEIGH™

COEF=VCAB(15) #DETS#VIRES (&)
C---——— TERMS OF THE MRSS ATRIX

iK=0

00 520 J={,iDLc

DO S20 1=1.J

IK=TK+l

[1=INI+]

[2=INi+J
520 VKE(IK)=VKE (14)+¥NT (1) #yND{]2) #C0ET
530  INI=INI+(NDIM+:.)RINEL

RETURN
r

-

C-——— EVALUATE THE ELZ¥EnT 3EZ.00AC
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L
600 DO 605 I=f, INEL
605  VFE(I)=IERO
INI=L+INEL
D3 640 16=1,IFG

CALL DNIDX(WNI{IND) (VJL NDIv INEL WNIYG
C-—-——  COMPUTE TFE COWMON COEF-ICIENT
COEF=VCPG(15) +DETS
C———- VPREE#B#VDLE PRODUCT

DO 620 1=1,NDIM
C=1ERD
DO 616G J=1, INEL

=114t

610 C=CHWNIX(I1)®WDLE (D)

620 VJ(1)=CHIIESRVPRES ()

{-mmm—— (BT)aVJ 930HLC”
DO §30 I=1, INEL
l=-INeL

00 630 J=1,NDiM
H=li+INEL
630 VFE(D)=VEZT (D) #UNIX(I0)8V0 )
B4 INI=INI+(NDIdel)#INEL
RETURN
c
C-—- — ZVALLATZ =
C
700 CONTINUE
RETURN

=== IVALLATZ AND PRINT GRRDIZNTS AT G,

Tl O

800 wRiTE(W, 20100 1
2010 FORMAT(//' GRADIENTS IX SLEMENT 1, 14//)
IDECL=(NDI+1) #INEL
INIC=1
INI=1+INSL
00 830 16=1,1°G

CALL JACOB (VN £ING), VCCRE, NDIM, INEL, V2, V34, D570

CALL ONIDX(UNILIND) VILNDIM, INEL,UNIXD
C-——— ZVALUATE THE CO0ADINGTIS 07 THE G, 4,

DG 803 I=!.sDi¥
803  IYI(1)=IcRJ

IC=1

10=IN10

D0 807 IN=1, INEL

C=UNI (10}

DQ 805 I=i,NDIM

XYTOD) =XYZ (1) +CevCORELTD)

[l

C-—-— EVALUATE TWE JACOBIAN YATAIX AND T-I [I30L270073
CALL JACCH (NI (INT), VCORE, ADIM, INEL, VI, Vo1, 2570

wOIN LY




: VAT ILINDVT eITRIXOADY BOMITIIIAL OETILL
: SYWITRIDAL NSYMLEL L
: VIO WIS

" IR (P

: DLE TITAL MYEIR §F LIS, IR DLWV

I AT DDENEIIN IT OWTRIXN D YRX, 8

: Az

SECHVITIILIOWRELL, D)

LR

TTOEL IR0 AL
DT 40 =i IYRX
=ER

1030 Ji=L,I¥R7D

> L IRTCL
3=E(L) L
) =l
SETUA
o\
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- Eaitoitnd) ~
z STICITY i
-~ 1
2 3373 §

Kl
z VR 8
. s ‘
- Timme—— .
. I3EE 3
z 4
- "
> ;
z VO3 YRTRIN D OTLLL 4

-
AT TR £

nTRINIITY, yWQ::'().V

s =
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TILATI TAT INIWEED TR

AL ONIAVIVHET HEX T, VR, ORIy

Ty ERw-c R
lIslEeINEL

LzU=

SAul NWKBS{TL) (4EXE, 4DER, V3, VAN N

b aadl et Sl St Sl S Stk i Sudl Sadl el SR

My mmen e e iemee ae o -
Neo NVl BINH/GHETa 4T ST

2h

12=l2+INEL

KOER{Li=0

<DER(Z) =i

CAoo NT{VARB (LY (AZXR, 4T3, VR, VAN, IND (2200
I2=IS+INEL

[i=ltenDi®

RETURN

END
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2R Saoss Sge 2eage 2 R o ry

p V<455 AT ARIZA N 15 TTOEZ IVALLGTIZ
z 135 OIS
- INEL = -;\P'Z: N {0R 05 ODES) INELLZLLE
g I¥INGIONS KpIv.Eh, 2
o ¥Ni SL4CTIONS N AND DERIVATIVES
T#IIIIT 3IRBL#B(R-H,C-E
SOYIN/CZCRADIMANNCLL (3, ANGLLLD)
TTYON/ARDT/ L, 1TRE, ITRL, 169, 1D, 10 D 23, NI
LNt
DIWON/ TRV VST VAN, VI AEHT, 4DER, 40 Ll 1620), NG
DA F‘F'H\ V'\r‘J\*I V\ (%}
Teeiiaee INFOSWOQTIONG 3TUOTZL T TN 8 NCDES
z (INel, E2.8 \D;M.Eu.:)
- DI¥INSIIN wXSTNDIRINIL), 4EXSINDIYINT ) D23 (NI

)
iB). (D:R( 2)

FRRELY

DIMENEIIN VK5I
S ITEMIIV VAN (INTLe

JIMINSION Vv |

-E). KX

(

®INZL) WIAON --), 41 VINEL

Ll )

64;, VE(

: VDAL JZSWINGTIS OF T
5aTa 1DE5R/es
Tows TaIS T3 COYWINTID IUT EICAGEE TF THE ¥5 TLITIEN 1Dv-
Teme TLETELG AFITH WILL NDT INITIALIZE SLARGE ARGAYS.
e “-3E3 ARRGYS AR \GW INITIALIZED BY A CALL TD A Duwwy
Tove SEATLTINE INITND W-ICH XISTS SGLELY TO INITIALIIE
g TNEET Tl 3RS,
H :
[
D IRTRBI-LD0, LG, +G.30,-1 00, +1.00,-1.00,
Do #2,D0,=1.00, 40,00, +1,00, -1 00.+1.D0, -1, 35, 0,30/
: ¥OND®I12. TXICNEVTS 7 THE SCLVNQWIAL 39515, Ak-DS3
T TRTRGEN9/0,0, 1,0, Oy, &0, Ll O By L2
c “ERZ 1§ TAZ CALL TO BET ACIND THI WiCRISOFT
: COMSILER BLG
3. INITVE(VSBI, 45K
-
Zove G 7 TIZ M08 EEIN TC GIT ARGLAD TN
Coss COOILER BLS,

wrssraae
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A=YDLZ D)
i v":'vD‘_E(j:":)

..... ~ e,
- X.-\u._':'._

Z£=V\’i"N‘)
. TvelT

— 23v=I2GKCi4N
» IIZYZEPSYACENN
) ESRR ALt ) SATMR (VA et
A=K+02IUN
f=+03#VY

. S IDsiled
----- TIMOUTE THE STRESSE

SIGX=VDE (1) #EPSH+VDE (2) #EFSY
215V=VDZ (23 #Z0CX VDI (1) #EDCSY
TRIXY=VDE(2) #BRMKY
T-———- COYE.TE THE IRINCIAAL STREEAIS
ETA=ATANZ DESXRTAUXY, SIEX-8I5Y) #XCS
“I7A=TTSERADN
® o= SI3X+GI3Y) #X0S
J3={5I3K-513Y) #40S
LLYLA=SGRT (L ZACETRINYETALXY)
E Lo+ SureX
2. -TAGvRX
SUTIONS,E090) 15,4, Y, 298K, SISY, SAWAY, 515X, 5157, TALIY, .
- | : ZT&,S’G‘..SIG.. TALRX

13 ReaT(1X, 15,8212, 8,EX,73. /66X, 3212, 3)
T Ze34INEL
ESO LHI#INEL .
wn
b
o
@
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- T T T Ty o

{ €L GIRVITY FX=) FY=-yDRIT(4:

\1 [T B RO

W FA={ZAC

. <
\l
L]
¢ 710 WEIiN=IEAD \
o=t 2
I TADIMe L RINEL *

20 7306 16=L, 1FS

‘ - ] v .y - IS —

! Cho JACCEAVNI I I INE ) VDRI DI, NI WA VI L D2 D) ;
f IX=VCR5 (15) #DETS y
X GY=0XeY

(] e

| erat

PR

s
-

20 T20 IN=1, INEL
VEE(I3)=VFZ{13) +DX#UNT {12
VES {1340 =WR2 (1341 ) +DYRURI (1)

12=12+
T 3=l
730 1i=1i+IDECL
LA
T—ee- IVALUATT AND FRINT STRESEIZ AT 3.0,

wAITEIMD2080) IZL

(080 FORMAT(//" STRESSES IN ELEMENT ',

U 28T T XY X, "OCX’.BX 1IE8YY, 7X, TEYXYY, 8K, 315X,
2 8%, YSIGY! 7x, ' TRUXY'BX,TTETAY/ TiX S’Gi‘.EX YSIGZ, 7X, ALY

l’n %;

o LI T WGTRIX D
AL DOZ(VPIEE, VDE)
OVEY THE . 7.

PRIV S N Y D N W R S A wwa—

[ EVALUATZ THE CRCOBIAN
23 JACTB(UNI (11, WEDAE DY, INEL VI VI D270
o= TVALLATE CUNTTIONG DININ/D(N)
CALL DNIDX(ANI LT WL XD INEL, UNDYD
gmm——— C"“" TE STRAIAS AND COORDINATES AT 6,7,
t“SV=Zc1b
M=
b X=1ERD
: «:z;:ﬂ
S

o
o=

<
.
[y}
[
-
-
pu]
(=2}
A Al aninnioniansandliiG

310 INsI,INEL

L
4 <

L J.
e i
{ k
4
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T-emeem- TVBLOATT T DIYEVT RESIRLAL

L-— = FORW MLTIIX D
200 CRLL DOZ{VERES, VIE)
Tee———  INITIALIZE TRI 2ZBIDUAL WEIDTCR
“GS(: =i, JDLE
BIO VEZIIDN=IZ0
Jmmwmm— '"GS VIR T-E 3.3,
g4y
30 &40 'a- L IB6
Semm-emm ZYRLUATT THE JACORIAN
TRLL JACEBWNILIN), VEOREADIN, INEL, VI VOL DET D)
Temme—— IVOQLATE -4\Cf13&a DINDH /20D
JELL DNIDX(UNILILY, VIT NDIN, INEL, WIN)
o-——— ZIVRLLATZ §7RAIN3 AND S5TIZSSES
ZreX=12R0
135¥=12RT
SRYXV=IERD
NIEN
G620 NI, INEL
N=VILELD)

INCEINeINZD
JIEWIXEAD
223022255+ C LN
SISY=EREY+LaMN
TNYEIAYKY-D L UNFCZEON

l=ilee
_Z 'lu J\ .0)*DE‘~:
‘.,:=vu’;(2) *Ci
3=00e(9)#L1
i=VDEL D 08
3' :x::‘.*-:ﬂsxm;‘:FGSY
GY=C2#EPSX+C L #EPRY
':;xy=:3*GRMXY
T------- LM THE RESIDUAL

et X)
PN YA

20 830 IN={ INZL

Ci=UNIXLIND

INISIN$INEL

Z2=UNILLIND)

VI =YRE (D) +C 1 6SISK+L2#TOLXY

v-:( D¢1)-VF=(’D+ ) +CE#SIGVAL L RTRURY
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PO W vLTyw Wiy vy e - B i M G Y S B T e N e e e P ol e

\al

. e, e
STay e Sedlow

Ty VYV

) RER AR 1 '1;.‘«...,\:) #, INEL WL
T35 ..L TEU, 20800 mx IREIEY
FORVAT (/! /01X, BE12.5
- DL DS (WNIY, INEL, VBT
TL3E.E) WRITEOYD,E070) (VEE(D), I=1,4B)
) 1073 TDINETL AT B /Y, 10542,9))

JKE, VEE, VDEL, IDLE, I¥RTD NEYY)

g e LT
p- can N +e0\2

i
[ c
[ e ee TELATS NT TANGENT ¥ATIX

€ i CONTINGE
i ETLRN

—-- TVALUATE T=Z YASS WATRIX
» S04 DG 510 I=,126

'n I VKE(I)=IERD -

I L3G2 CVER T<2 G. 7.
I31%:=ND1%-1
IIEILE (NDIW) #1NEL

3
2 CiTieINEL
3 eron

S =l

0530 15=1,198
hal CRCOR(UNI (11) , VEORZ, &DIM INS (VI 0870
D=VCPG(IG) #DET #VYEREES (4)
o————— ARCCLYU_ATS ¥ASS TIOMS
D=0
DO 540 J=1,INZL
° fj=I2el
So=1+lDoe{ID+) /2
"O 3¢ i=L,0
IDENE2
NEURDESOE L SERARE 1V
HELIQ)=WE(J()+C
® TNDIMLEGL D) 5C TDE3D
SRR T
0 520 I1=L,IDMt
.. HMILI=WRE (D) +C
e IRl

!

()
fa}

NG




BTG b A un e e gl RO e . . -

»
TS TN ITIRITTAMII N IE
DL TNITEETERER LR
»
N s e e e o\ e omme mamoan Ll yomsmomo=
Lo .. CF TAlTONRT OSTUTLY TDOGET A3LOND Tt ACEL
N nrere mn o A
R CYFISRELS
-
- e —
oo SeTI3I TLNCTION TDoBTOINECLTED

g

r

o — TVBLCATE TOORDINGTIS, WiISHTE, TIAITIONS v ARD THIIN
Do — [ERIVRTIVES AT 3.7,

Ind

St

-

20¢  CA_. EAUSE{IZ3KED NDIN VASG, VTE6, 135)
FeLTL2) B2 TT RN
WRITEME, 20060 1096

2030 STRvAT(/IS,'  3AUSS ZCINTS'/LOK,TWCPG', 25K, TVXAGT)
1=t
'- O .J“A| i35
[1=10DIN-1
ARITED,2G10) VCOGLI3), (VXS 1=10, 11}

20 10=104ADI¥
1010 SCRMAT(LX, £20. 15,5, 3720, 15)
220 CRLL NIO2(VKOS, UNI)

IEG T RETURN
TI=IRINEL#]0G
A1720D, 20200 (WNILD), 1=, 10)

T RIRMET(/Y FUNCTIONS N OND DERIVATIVES'/ (1X,8EIZ.E))
ST

b
T
{ emme-e- TYALUATE T_EWENT STITTAZGS ¥ATLX
! .
i o Temmem—  INITIALIZE VKE
- 00 0 310 I=1,136

<
e

(2]
S

VI (1)=1570
O SORM MATRIX D

CAL_ [02(VPREE, VD)

TN, GE,2) WRITE (P, 2030) (VDE(D),:i=.,9)
30 TIAMAT () YATRIA DY/IX,3E12.5)
------- L0092 OVER THE 5.5,

TeslelNg

T 330 1G=1, 195
{---=--- 5VQLATE T<E JACCRIAN, 173 IWE3SE AND 178 DETIIYINGNT
{ SR_L CPCCB(YNI(11),VCORE,NDIM, INEL, VS, VILL DETD)
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SUBRQUTINE 2_zM02{4C0RE,Voang, »3%22, 0%, o2, 7Ty

C-----"‘- 3+ P e R P P
C 8 NODES GUADRATIC ELEYENT FOR & DIEASITNAL Z_a37IIlTy
c EVALUATE ELEYENT INFOR¥ATIGNS ACCIRDING T2 120TE VAL.S
c ICODE=1 ELEMENT PARANETIRS
c ICODE=2  INTERPOLATION FUNCTIOAS AND GRLSS CIEFFIZIZATS
C ICODE=3 STIFFNESS MATRIX
C ICODE=4 TANGENT MATRIX ... NOT aRITTEX ...
c ICODE=S MASS MATRIX
C ICODE=6 RESIDUALS
C ICODE=7 SECCND MEMEER
C [CODE=8 EVALUATE AND PRINT STRESSES
C ELEMENT PROPERTIES
C VPREE(1) YOUNG'S MODU..S
g VBREE(Z) POISSIN'S COEFFICIENT
C VPREZ(3) LEDLO PLANE STRESS
c .01 PLANE STRAIN
c VPREE(4) SPECIFIC MASS
C ______
INPLICIT REAL*B(A-H,0-2)
COMMON/COOR/ND I, NNULL(3) , FNULL (3)
COMMON/RSSE/NSYM, MFILLR(3)
COMMON/RGDT/ IEw, ITPE, ITFEL, I6RE, 10LE, ICE, 193N, IPREE, INGL, 1065, 155
1, ICODE, IDLEG, INELO, 1PSC
COMMON/ES/M, ¥R, MP, MDUMMY { 10)
DIMENSION VCORE (#),VPRNE (*), VEREE (%}, VDLE (#), WKE {¥), ¥FE (#)
Covevens CHARACTERISTIC DIMENSIONS OF THE ZLEMENT
C  DIMENSION VCPGI 1PG) , VKPG (NDIM#IPE), VIE: (IFATD2)
DIMENSION VCPG( 3), VKPG( 18), VDL { 9)
C  DIMENSION VSE (IMATD#IDLE),VDE (IMATDH*2),VJ ODIMANDIM),VILiXDIM
DIMENSION VEE ( 48) ,VIE 9),VJ ¢ 4,V 4
C  DIMENSION VNIX( INEL®ADIM),UNI ((1+NDI)#INEL¥IPG), IPGKED(NDIY)
DIMENSION WNIX( 16),WNI ¢ 216),1PGRED( &)
Lesersns
DATA ZERD/0.DO/, DEUX/2. DO/, X05/0. 5DO/, RADN/ . 5723577351 30823D2/
DATA EPS/1.D-6/
SORT (X)=DSGRT (X)
ATANZ (X, Y) =DATAN2 (X, Y)
C DIMENSION OF MATRIX D
DATA IMATD/3/
c
Cost THIS 1S COMMENTED QU7 BECAUSE OF THE MS FORTRAN COMO-
Cost ILER BUS WHICH WlL. NOT INITIALIZE $LARGE ARRAYS.
Cost THIS ARRAY 1S NOW INITIALIZED BY A CALL TG @ Dumwy
o SUBROUTINE INITPG WHICH EXISTS SOLELY TQ INITIALIZE
Coss THE NUMBER OF GAUSS POINTS FOR THE CALLING R0LTINE
c
C  DATA IPGKED/3,3/
c
c HERE 1S TWE CALL TO GET AROUND T+E COMPILIR BUG
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KEXA(T)=XEXP3(D)
CONTINCE

C-——— EVALJUATE THE IN-INVERSE »a7RIX

CALL PNINV(VFSI,KEXZ, VP, 41, Vix)

C-——— EVALURTE N, DN} /2481, Ly /TR 2T &3,

10

[1=1

1z=1

DO 10 iG=1,iP6

KDER(1)=0

KDER(2)=0

KDER(3)=(

CALL NI(VKPG(I1),HEXP,KDER, VP, VAN, WNI(IZ))
[Z=12+INEL

HDER(1)=!

CALL NI{VHPG(I!),#2XP, «DER, VR, VAN, NI (12))
I2=[2+INEL

IF(NDIM.EQ. 1) 50 70 10

KDER(1)=0

KDER(2) =1

CALL NI(WKPGR(IL),KEXP,KDZR, VP, VONJUNT(IZN)
Ie=]2+INEL

IF(NDIM.EQ.2) B0 TO 10

KDER(2)=0

KDER(3) =1

CALL NI{VKP5(11),4EX2,KDER, VO, VIN,UNI(12))
I2=12+INEL

11=11+NDIX

RETURN -
END
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C DIMENSION {0 (IN2e
DIMENSICN K10 20

C CHARACTZRISTICE 757 iy,2 AND 3 DI¥EASIONGL 927E3IMIZ Z_Zvon's
DRYR 1DEGR/2/

C

Cost THIS 1S COMMENTZD QU™ E2CALSZ GF TRE ¥5 ZIRTASN LOve-

Cet ILER BUG WHICH WiLL NOT INITIRLIZE $LARGEZ RRARAYS.

Cerr THESE ARRAYS ARE NCW INITIALIZED BY A CRL_ 72 A Jurvv

C+s SUEROUTINE INITNL WHICH EXISTS SOLELY 7O INITIALIZE

Cets THESE SIX ARRAVS,

DATR VKST1/-1.D0,0.D0, 1.D0/,KEXAL/0, 4, &/

DATA VKSI12/-1.00,-1.00, +0.00,-1.D0, +1.D0,-1.00, +i. DG« D,
! #1.00, +1.00, +0,D0,+5.D0, -1,D0,+3.00, -1.D0,~C. DG/
DATA KEXPR/0,0, 1,0, 9yiy 240, 1y1y 03 2.1, 5,2/

DATA VKS13/-1. D0, -1, 00, -1, D0, +0.D0,~1,D¢, -1, 0,
+1.00,-1.00,-1.00, +1,30, 0,00, -1. 30,
+1.00, +1.00, -1, D0, +0.D0, +1.D0, -1, 00,
-1.00,+1.00,-1. 00, -i.D0, +0.D0, ~1. D0,
-1.00,~1. D0, +0.00, +1.D0,-1.D0, +0.D0,
1,00, +1.00, 40,00, -1.D0, +1. D0, +0. 30,
1.00,-1.00, +1.00, +0,00,~1,D0, +1.00,
+1,00,-1.00, 41,30, +1.D0, +0.D0, +1. I¢,
1,00, +1. D0, #1,00, +0.L0, +1.D0, +1.D0,
-1.D0, +1.D0, #1.00, ~-:.D, +0.00,+1, 00/

DATA KEXP3/0,0,0, 1,0,0, 0,1,0, 0,0,1, 1,1,1,

U o1,1,0, 0,01, 1,001, 20,0, 0,2,0, 0,0,2,

2 21,0, 2,01, 21,1, 4,20, 0,2,1, 1,31,
301,0,8, 0,1,8, 1,1,2/

W~ oYU e L) e e
1

HERE IS THE CALL TO GET AROUND THE MICROSOFT
COMPILER BUG

CALL INITNI(VKSIL,XEXPL, VK512, K2XPe, V4513, KEXDI)

C
L+ ALL OF THIS WAS SINPLY TO BET AROLND T4
CHt MICROSCFT COMPILER BUS
C
Covennnn
1DEB=IDEBR
C-——— GELECT TABLES VKSI AND KEXP ACCGRDING 70 NDIM
T1=NDI"*INEL
D0 S I=1,11

80 10 (1,2,3),NDIM
I WKSI(D)=SIt(D)
KEXP(1)=KEXPL (1)

60 705

2 VKST (1) =VK512¢1)
KEXP(1)=KEXP2(])
60 10 5

3 VKSI(I)=VKSI3()

o AEENDA.*

AU 8



SN N
805 IC=IC+:
807 10=10+!
[-mem—= EVALLATE Tmg 3RACIZNT
11=0
D0 820 I=1,NDIV
C=1€RQ
D0 310 J=1,1DLz
SN
810 C=C+WIX ({1 #VDLE(S)
820 VI =CaRsEE(])
L-—==== DJRINT THE GRAIIINT
WRITE (MP, 2020) 15, $YI(I),I=1,NDI®)
2020 FORMATISX,'A.G. :',13," LOCRZIWATES o', 3212.5
WRITE(MP, 2025) (WJ11), 1=l NDIv
2025 FORMAT (15X, 'GRADIENTS ', 3E1.5)
INIO=INIO+IDECL
830  INI=INI+IDECL
! WRITE (M, 2030)
2030 FORMAT{(//)
RETURN
EXD
}1l
SUBROUTINE NIO!(VKPG,VNI)
C== s====x ===== sz==z=sm=z
C TO EVALUATE THE INTERROLATION FUNCTICAS AND THEIR DERIVATIVES
4 C D{N) /D{KST) DINY/D(ETR) BY T=Z GENERA. °N-INVERSE Y27=0D
" C FOR 1,2 OR 3 DIMENSIONAL QURDRATIC ZLEMENTS
g C INPUT
c VKPG  COORDINATES AT WHICH N IS 7O BE EVALCA™ZD
C 1P NUMBER OF POINTS
C INEL  NUMBER OF FUNCTIONS N (OR OF NODES) INSL. LI 20
L NDIM  NUMBER OF DIMENSIONS NDIM. LE. 3
o C QuTRUT
- C VNI FUNCTIONS N AND DERIVATIVES
(==z=======

Cant e g o

/'rrrrr‘vy
s “

IMPLICIT REAL#8(A-H,0-1)

COMMON/COOR/NDIM, NNLL {3), FNULL(3)

COMMON/RDT/ 1€, IT3E, 1TPEY, IBE, IDLE, ICE, 1PANE, 1PREE, INEL, IDES, 196
i NULL(4)

COMMON/ TRYL/VKST, VON, VP, XEXP, KCER, K {

DIMENSION VKPG (%}, NI (%)

DIMENSION WKSI1(3),4EXD!(3),VKSIZ(16),XEXB2(16), VASI3 (60,
L KEXP3(60)

(INEL.LE. 20 NDIM.LE.3)
DIMENSION VKST INDIM#INEL) ,KEXP (NDIM#INEL), KDZR(NDIN)

DIMENSION VKSI( 60)  KEXP( 60) ,KDER( I}
DIMENSION VPN (INEL#INEL),VP(INcL)
DIMENSION VPN ( 400),VPC  20)
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